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Bf the type shown 

dling in ‘Surface’ Gas 

Bn lines at Clark Equipment 

Bducts manufactured here include 
differentials and automotive transmissions 


lores of sizes and models 


ransmission Parts are Gas CARBURIZED 


in a ‘Surface’ Continuous Furnace...on a job-shop basis! 


Practically all major transmission manufacturers 
heat treat their component parts in ‘Surface’ 
Why? 


Company, Jackson, Michigan, as an example. 


furnaces. Take the Clark Equipment 


Despite variations in size, shape and metal 
of parts to be treated, Clark engineers wanted 
heat treat equipment that afforded flexibility on 
a job-shop basis, with close control, minimum 
rejects, dependability, economy, and lasting 


stamina. 


Today, by carburizing 14 component parts 
in either of two ‘Surface’ 3-row tray-pusher type, 
Radiant Tube furnaces with RX gas atmosphere, 
Clark Equipment Company produces rugged, 


durable automotive transmissions. 


Gears and mainshafts of Clark transmissions 
are made of fine grain alloy steel (8620) and 
carburized to the case depth specification of 


SURFACE COMBUSTION CORPORATION, TOLEDO 1, 





.035'’-.050"’ at a temperature of 1675 F. They 
are then quenched direct into 170-180 F. oil, 
washed, and tempered at 325 F. for one hour 
at temperature. Furnaces afford a total capacity 
of 1500 Ib/hr., near elimination of distortion 
and a high degree of uniformity within very 


rigid manufacturer's specifications. 


This example is typical of the extreme flexi- 
bility of production line operations possible with 
‘Surface’ furnaces. Ask your ‘Surface’ engineer 
for more details or write for bulletins covering 


heat treatments of interest to you. 


‘Surface 


INDUSTRIAL 
FURNACES 








OHIO 


... Using THERMALLOY’ trays and grids for carburizing application 


The trays and grids shown above are used for carburizing 
automotive gears at a temperature of 1650° F. Through 
the use of Thermalloy “50”, plus certain design changes, 

Average Cost | Average average Cost per heat hour has been cut in half. .. average 
per Heat Hour | Hours Life hours of service life more than doubled. (See figures 
at left.) 

This is one of many cases where customers have greatly 
Thermalloy .0048° 6707 benefited from Thermalloy’s heat-resistant properties... 
plus the ability of Electro-Alloys engineers to develop 
Tray “A” .0095° 3443 designs suited to ideal foundry practice as well as to 
customer service requirements. 

Tray ‘’B” .0092° 3022 Thermalloy is not just one alloy, but a group of alloys 

..each specially adapted to certain heat and abrasion 
requirements. Our engineers can assist you in selecting 
the type best suited to your particular needs... recom- 
mend designs that will insure maximum service life 

To put such knowledge to work for you, just phone 
your nearest Electro-Alloys office, or write Electro-Alloys 
Division, 2099 Taylor Street, Elyria, Ohio. 








(Note: Figures do not include 
trays damaged in furnace wrecks, 
by rough handling, etc.) 


*Reg. U.S. Pat. Off, 


ELECTRO-ALLOYS DIVISION 


ELYRIA, OHIO 
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The world is at your doorstep 


When you see the VANCORAM trademark you can 
be assured of the highest quality products it is 
possible to produce. 
The world is truly at your doorstep, for the 
maxess opauors finest raw materials from the world over con- 
(CS tribute to the uniformity, superior quality and 
AN 


CHEMICALS AND METALS 


maximum efficiency of VANCORAM products. 

To make it easier for you to identify these fine 
products, shipping drums are now painted a 
distinctive green with the VANCORAM trademark 
superimposed in white—your assurance of top- 
notch quality. 


VANADIUM CORPORATION OF AMERICA 


420 LEXINGTON AVENUE, NEW YORK 17, N. ¥, © 
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nothing else 
can do what Microcarb does! 





Microcarb is a control system for the carburizing process. It continuously meas 


ures something that nobody has ever measured before—the active carbon in a 


production furnace’s atmosphere while the furnace is at work in the heat-treat 
lepartment. And it automatically, continuously controls the surface carbon content 


of the steel on the basis of this measurement, 


Microcarb is many things to many men, especially in defense work. 


To top management, Microcarb means both higher carbon. Instead of controlling the amount of carbon 


\ 


ct quality and lower unit cost! Also, it means material supplied to the process, you actually con- 
till another manufacturing operation comes trol the amount that does the work. Can you 
automatic control imagine controlling the temperature of a furnace by 
’ . , just measuring the amount of fuel it gets, without a 
To production executives, Microcarb means closer : yh , 
: : . pyrometer to tell the temperature directly? Well, 
following of manufacturing schedules, because car ; ‘ , 
: ; that’s the kind of carbon control you have always 
uurizing speed and results are more predictable 
: had—until Microcarb Microcar measures and 
More predictable, that is, even than with our own : 
; os controls carbon directly, just as a pyrometer meas 
pre-Microcarh processing installations. And Mi- : 
nasty facie 1 


rocarb helps heat-treaters apply their skill—helps 


them earn incentive pay. 


ures and controls temperature directly 


The "reason why" for Microcarb is its carbon-cetect 
. . g elemen his instrument He arbohm, is 
To metallurgists, Microcarb means simply better ing element. Th resnlonns "s 
; me an engineering rarit 
ng. Perhaps vou saw a recent magazine ase CUR eee 5 
° r 4 ny < hat ey in its 
Thank You, Leeds & icy ; 
it , ( at as No } j AT 
Indiana Gear Works credits wire, made ‘ . ™ 
: arbon from the furt tmosp or lose 
help to the gear industry selatannibcce mosphere, or los 
; the atmosphere, 1 1 nad the atmosphere 


equilibrium, carbon-w With e 
me, we are able to control the wire’s carbon content, there's 
content on carburized parts” electrical resistance This resistance is measured 
can produce carburized surfaces with and translated into carbon percentage by the Micro- 


uniform control and obtain absolute carb recorder and controllet 
un hardness and maximum ductility” 
s Only Homocarb Furnace equipments of our new 
re retained austenite on wearing sur- Series H can be used with Microcarb Control, be 
high nickel steels” cause engineering to meet the needs of atmospher: 


networks in the hyper- regulation is a necessity. Specific features are a 
et one” soundly designed electric furnace with solid-hottom 


=e ; ; : retort, improved fan housing and work support, and 
Such results trace back to the fact that with Micro- , eee 

: as aerodynamically designed discharge jets; and Mi 

irbon you “set” is the carbon you vet. , 

bedlgoe cromax temperature control of the duration-adjust 

you set a temperature controller at 1700 F, , : 

Ing typ specially designed tor this service 

is the carburizing temperature you want, so 

set the Microcarb Controller at 90 if vou want Let us send you further facts about this new 

to carburize to ninety carbon. By making the proper carl 


gu 


irh cle velopment Ask our nearest 


setting, you can either protect the surface or add Stenton Ave., Phila. 44, Pa 


LEEDS NORTHRUP 
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NATIONAL... Your Forging Labo ‘ratory! 


 ) 


Out of this unique “forging laboratory” have come many significant advancements 

. the high speed forging press . .. modern horizontal Forging Machine . . . blank- 
preforming Reduceroll ...Semi-Hot Rivet Header... Boltmaker . .. roll-over transfer 
Cold Nut Former... Automatic Precision Nut Tapper... Nail-Maker...Cold Headers for 
bearing rollers and balls, for tubular and solid rivets, and thousands of other parts... 


In addition, we’ve been continually developing 
new forging applications and methods right 
along .. . establishing basic principles of die 
design as influenced by metal flow, both hot and 
cold ...upsetting ...deep piercing ...extrusion... 


Some of tomorrow's top developments in the 
e1 forging field are now on our drawing boards 
and test floors! 
Ns y 


fevoti= MACHINERY COMPANY 


TIFFIN, OHIO. 


DESIGNERS AND BUILDERS OF MODERN FORGING MACHINES—MAXIPRESSES—COLD HEADERS—AND BOLT, NUT, RIVET, AND WIRE NAIL MACHINERY 


Hartford Detroit Chicago 
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from Uncle Sam? 


SEE NOX-RUST FOR YOUR 
RUST PREVENTIVES... 


To fight the battle against rust, Uncle Sam has 
drafted rigid requirements for rust preventives that 
are used in packaging metal parts and products. 
To find the proper product conforming with these 
Federal Specifications, call on NOX-RUST . . . the 
world’s largest manufacturers of rust preventive 
products. NOX-RUST has the answer for you.. . 
all prepared in a handy chart that shows Federal 
Specifications, uses, applications and specific prod- 
uct recommendations. For your free copy of this 
chart, just use the handy coupon below. 


NEED A RUST PREVENTIVE TAILORED TO YOUR NEED? 


Just call NOX-RUST. Chances are an existing prod- 
uct can fill the bill for you. Or, NOX-RUST can 
build a product around your problem, as they already 


Greetin gs 


have done for many major corporations. For com- 
plete information, call or write NOX-RUST today. 


~~ 
nox a) ae 


HOW 





* Nox-Rust Chemical Corporation 
2423 S. Halsted St., Chicago 8, Ill 


Please send information on (check one or both) 


NOX-RUST Cte vet) ne rer tw 


ob Ob Sacer Cem onod -& -Lob-o O baen.| aia 
RUST PREVENTIVE DIVISION _ 
2429 SOUTH HALSTED STREET, CHICAGO 8, ILLINOIS 


BALTIMORE + PHILADELPHIA + DETROIT - SAN FRANCISCO 


COMPANY NAME 


ADDRESS 


bee er ean arene es erasers 
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EFFICIENCY IS INHERENT 


in NIALK* TRICHLORethylene... 


processed to assure highest purity and uniformity 


in metal-cleaning and degreasing. 


ry 


NIAGARA ALKALI COMPANY 


60 East 42nd Street, New York 17, N. Y. 





@ Paradichiorobenzene e Caustic 
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Only PARKER 


offers you 


MO) Yea boar 


in solving problems _— 


in cold drawing 
and cold 
extrusion 


—_ 


<= 
q. Xt ie 


Germany,* leader in development of the technique 
in Europe, has constantly added its knowledge and 
experience. 

Every year, and every installation, has contributed to 
Parker knowledge and practical experience — and 
recognition as authorities in this field of metal 
treatment. 

90% of all cold drawn seamless steel tubing is treated 
with Bonderite as an aid in drawing. 


*Metall gesellshaft, Frankfurt 


<> 

| - 
Use of Bonderite to improve difficult 
drawing began 10 years ago, established a new and 
accepted technique. In laboratories and mills Parker 


research and field engineers worked with manufac- 
turers to perfect this method. Parker's affiliate in 








Advantages of Bonderite in cold drawing and cold 
extrusion are many and worthwhile: Faster draw- 
ing; heavier reductions; longer tol life; reduced 
metal-to-metal contact; reduced galling and welding 
because Bonderite acts as an anti-flux; less scrap; 
fewer rejects, and greater over-all operating economy. 


Do you have cold drawing or cold extrusion prob- 
lems? Take advantage of the 10 years’ knowledge 
and successful heavy-production experience of the 
leader in the field! Write or phone Parker today! 





COMPLETE DRAWING SERVICE—Parker has 
everything you need—cleaners, rinses, Bonderite, 
and lubricants—all of them keyed to superior cold 
forming. Plus expert i i e. Write 
for full information. 














Bonderite, Parco, Parco Lubrite—Reg. U.S. Pat. Of. 


E PARKER 


2216 East Milwaukee Avenue, Detroit 11, Michigan 


BONDERITE—Corrosion Resistant Paint Base » PARCO COMPOUND —Rust Resistant » PARCO LUBRITE—Wear Resistant for Friction Surfaces 
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NEUTRAL HARDENING 


OUR HEAT TREATING PROBLEM 
FOR NATIONAL DEFENSE 


aa .- AJAX Has the 
Answers! 


4 out of 5 metal products for defense use can be heat 


treated better, faster, with less floor space and at lower 


SOLUTION HEAT TREATMENT 
OF ALUMINUM 


Aone sec cost with an Ajax Salt Bath Furnace than by any other 
method! This statement is proved by the widespread use 
of Ajax furnaces during World War II and by the even 
more marked trend toward this exclusive salt bath 
method in today’s rearmament program. And we'll be 

AUSTEMPERING glad to prove it specifically by heat treating specimen 
batches of your materials under actual shop conditions 
in the Ajax Metallurgical Service Laboratory. There is 


no obligation on your part. You be the judge! 


ONLY ACTUAL WORKING 
AREA OF BATH EXPOSED 


minimum heot loss DD 
LIC ANNEALING 
- Ajax Submerged Electrode 
Furnaces", equipped with re- 
SHRUNKEN LEVEL OF fractory pots, reduce mainte- 
CARBURIZING BATH WHEN FROZEN nance costs to the vanishing 


(eens Alera point because pot and electrode 
life is measured in years. 


*Patented in US J fore:gn countries 


Over 3,000 installations— 
more than all other «lectric 
salt baths combined. 


See us at the Metal 
Show — Booth F-421 


AJAX ELECTRIC COMPANY, INC. 


HEATING FOR FORGING 
910 Frankford Avenue, Philadelphia 23, Po. 


IN CANADA’ GENERAL ELECTRIC CO., LTD., TORONTO, ONT 
DESCALING i 
1 4 ELE | SALT 
| CTRIC :::. FURNACES 
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for DC Heliwelding 


Yow 


Here’s a tungsten electrode that’s especially designed 
for all positions on straight polarity, DC Heliwelding 
on stainless steel, copper, mild steel and aluminum, 
using Heliwelding, Airco’s inert gas arc welding process. 
Made with thoriated tungsten, long-noted for its excel- 
lent electron emission characteristics, Airco Thor-Tung 
offers these advantages — 
IT DOESN’T MELT... 
Airco Thor-Tung does not “ball up” at the end of 
the electrode nor does it sputter off into the 
puddle when subjected to high arc welding 
temperatures — because of its cool operating 
characteristics, longer life is obtained from each 
electrode. 


NO CONTAMINATION ... 


Airco Thor-Tung permits the operator to “touch- 
start” directly on the work without contaminat- 
ing the work or the electrode. Uncontaminated 


THOR-TUNG 
ELECTRODES 


electrodes increase production and result in 
better welds. 


EXCELLENT ARC STABILITY... 


One of the keys to consistent weld quality and 
ease of operation is good arc stability. With Airco 
Thor-Tung, the arc is very stable and does not 
wander or climb up the electrode even at low 
currents. Touch starting is made easy even with 
currents as low as 15 Amperes. The better stabil- 
ity of these electrodes enables a given size to be 
used over a wider range of currents. 
ECONOMICAL ... 

Thor-Tung’s permanency, ease of operation and 
stability make it the most economical electrode 
for straight polarity, DC Heliwelding. 


For full information about Airco Thor-Tung, write your nearby 
Airco office today. 


Air REDUCTION 


AIR REDUCTION SALES COMPANY . 


AIR REDUCTION MAGNOLIA COMPANY 


AIR REDUCTION PACIFIC COMPANY 
REPRESENTED INTERNATIONALLY BY AIRCO COMPANY INTERNATIONAL 


Divisions of Air Reduction Company, Incorporated 


Offices in Principal Cities 
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Customer Reports: 


NO_ REJECYS IN 30,000 BUSHINGS 
MADE OF CONTINUOUS CAST BRONZE! 


An aircraft engine manufacturer states that the first 30.000 bushings made 
of Asarco Continuous Cast Bronze (75°) Cu. 5°) Sn. 20° Pb) were tested 
with black light. There were NO REJECTS! Inspection by this means 
was discontinued as no longer necessary. 

Asarco Continuous Cast rods. tubes and shapes offer production 
economies which are unique. Porosity is virtually non-existent. No sand, 
dirt or other foreign matter is used in the casting process, so that there 
are no inclusions to harm tools. Cutting speeds can be high, too. All stock 
for machining is held to close tolerances and is Medart straightened. Tube 
concentricities are within 1.5°7 of wall thickness. Continuous Cast Bronzes 
are ideal tor use on automatic screw mac hines 

You can get Continuous Cast Bronzes made to order in a wide variety 
of alloys...in standard lengths of 12’ lengths 5’ to 12’ on request . 
lengths 12’ to 20’ on special arrangement 

216 sizes of the standard Asarcon 773 bronze (SAE 660) are stocked 
in 105” lengths for convenience at warehouses in principal cities across the 
country. Distributors will cut the warehouse stock Jong or short to suit your 
specihe requirements 

Send for a free cate ar Continuous Cast Bronzes 
It « physical pert hotomicrographs, table of stock 
tad Mi gpI ‘ i olber 1AiuMADIE snformation 


eo ee ies 
POROSITY VIRTUALLY ELIMINATED Cc - — 
WITH CONTINUOUS CAST BRONZES OMPARISON OF Typic 
Note in these photomicrographs the superior ‘ TENSILE 5 AL | 
dispersion of constituents in the continuous 85-5.5_5 Alloy TRENGTHs } 


cast alloy ... also its outstanding freedom 


from metal faults 


In addition to 4} 
ah ‘ { 'PE tensile 
ar 
r60 Continuous Ca, 
OB acteri sy 
t © 10 douh 
ren 


Other 
er Means 


West Coast Sales Agent: 4 
KINGWELL BROS. LTD., 444 Natoma Street, San Francisco, Calif 
- 


tgs 
er fats 
aR M6 


"Caied fy, of 
a4 


hy 


ei 


American Smelting and Refining Company 


OFFICES: Perth Amboy Piant, Barber, New Jersey i i, 


Neat 
"Ralion + 
4 Value 


s 
4 
thy 


Whiting, Indiana 
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The origi P. 
jodie ohne Taye ee Me. 
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design peer ow boxes w 
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Retort 
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gauge welded allo 
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Guarantee 


For years ¥® have bee guaranteeing psc 
carburizing containers: \t is our feeling 
that this gives more assurance than is 207 the 
woul «1. based of cases where burizing cont 

gave remarkably long heat-treating 

o many yariables are in- any size, desig 
believe what is most ton: annealing 
t to the purchaser © fixtures, retorts, Cov" 
heat-treating equipment Send blue prints 
is the breadth and 


scm | A “PSC” desi 
eliminated three headlines. 
s. 


Chimne 

- y type b 

ring gears, f oxes for carburizi 

’ urnished in urizing 

any H Li . 
= | Sees 
; yet will not warp Pgne hen Stack ~ 

? ny size. ck type ba 

of differen shots for 

t parts in small lots 

gas furnaces 
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“Our Westinghouse Furnace has proved so satisfactory that we’ve ordered another 
one”, says Marlin-Rockwell Corporation, Plainville, Connecticut — manufacturer 
of ball bearings. 

“The furnace has resulted in at least 50% improvement in the production-per- 
man-hour ratio over the system we previously used. Controlled feeding of small 
bearing rings and retainers permits gradual heating. This, along with controlled 
temperature of the quenching bath, practically eliminates distortion. 

“Proper atmospheric control provides the right bright-hardening, entirely 
eliminating sandblasting. Our bearings have a better finish, and are a better 
product.” 

Gas-fired or electric, there’s a Westinghouse Furnace to meet every heat- 
treating need. Westinghouse Electric Corporation, Industrial Heating Works, 
Meadville, Pennsylvania. }-10368 


IF YOUR PRODUCT CALLS FOR 
HEAT-TREATING...IT CALLS 

FOR A WESTINGHOUSE FURNACE... 
GAS OR ELECTRIC 


HEAT-TREATING FURNACES 
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You will find 


Refractories 





Most builders of heat-treating furnaces agree that some- 
where in almost every furnace Super Refractories can be 
used to advantage. 


CARBOFRAX silicon carbide material, for example, is 
an excellent conductor of heat. Used for muffles or hearths, 
it means faster heat flow, more uniform heating—with an 
improvement in quality of treatment and usually with a 
saving in fuel. It is also outstanding in resistance to abra- 
sion and heat shock. 


There are other Super Refractories by CARBORUNDUM, 
each with distinctive properties. All are covered in a 40- 
page booklet, “Super Refractories for Heat Treatment 
Furnaces.” May we send you a copy? 
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SUNBEAM STEWART Industrial Furnace Divi 
sion of Sunbeam Corporation builds this gas-fired 
oven furnace for tool rooms and shops. It operates 
over a 300-2400° F range, and employs an 
unusual semi-muffle which can be converted to a 
full muffle for atmospheric hardening. CARBO 
FRAX shapes are used for this muffle to secure 
faster, more uniform heating and to resist abra- 
sion and heat shock 


DEMPSEY INDUSTRIAL FURNACE CORP. builds 
this gas-fired atmospheric-type furnace which operates 
at temperatures as high as 2400°F. In this furnace the 
muffle is of CARBOFRAX material to improve the uni 
formity of treatment, secure maximum production and 


tO minimize maintenance and replacement expense 


JOHNSON GAS APPLIANCE CO. 
manufactures this gas-fired furnace which 
is especially designed for heat-treating 
small tools, dies and other small parts. It 
is used for temperatures up to 2400°F. In 
this furnace the hearth is of CARBOFRAX 
tile which transmits heat rapidly and 
evenly to the work—and resists the abra- 


sive action of the charge. 
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No. 1330 AB Speed Press 
complete for 1 mountings $420.00 


No. 1330-2 AB Speed Press, complete 
for 1%" mountings 


$440.00 


No. 1330-3 AB Speed Press, complete for 11/2" 
mountings 


$460.00 


THE BUEHLER LINE OF SPECIMEN PREPARATION EQUIPMENT INCLUDES 


Buckler Xd. 


A PARTNERSHIP 
165 WEST WACKER DRIVE CHICAGO 1, ILLINOIS 


METALLURGICAL APPARATUS 


CUT-OFF MACHINES . 
PRESSES . POWER GRINDERS . DISC GRINDERS + HAND GRINDERS 
AND ELECTRO POLISHERS ° POLISHING CLOTHS . 


a} 
SPEED PRESS 


The most advanced design in press 
Fe a ee 
and economy in the production of 
Bakelite and Transparent Molded 
A ee presented to 


the metallurgist. 


A revolutionary feature introduc- 
ed in this new press is preheoted 
Premolds. The preheat compartment 
reduces the curing time of thermo- 
setting molds to one-third of the 
EM Le ie 
the operator toe produce perfect 
Bakelite Mounts in 2'2 to 3%) min- 
utes. All necessary indicators and 
controls including pressure gauge, 
pyrometer, thermostats, timer and 
pilot lights are provided. No ex- 
perience is required to produce 
perfect mounts. Autometic ram re- 


traction saves time and effort 


ce 
with a semi-automatic lock and a 
hand wheel screw to close the mold 
securely. Heating blocks are er- 
ranged with a magnetic closure to 
snugly envelop the mold assembly. 
The interchange of thermostatically 
TU 
capacity is facilitated by convenient 
supports. Cooling blocks are located 
in a practical position in front of 


the press cabinet. 


This new speed press is the result 
of long exacting experiment, with 
every effort devoted to designing 
the finest modern specimen press 
we ore able to engineer. 


SPECIMEN MOUNT 
BELT SURFACERS 7 MECHANICAL 


POLISHING ABRASIVES. 
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INDUCED DRAFT—High velocity air discharge 
prevents recirculation in congested areas: 
allows complete freeze-up protection in cold 
climates. 











FORCED DRAFT—Most ibl 

mechanical parts are placed beneath coils. 
Economical in first cost and in fan horsepower 
required. 











Makes a World of Difference in 
SMALL UNITS—A typical installation—serves a Diesel Operation 


power generating plant. Smaller horizontal 
and vertical portable units are available. DriCoolers are the air cooled heat exchangers that do 
a precision job of cooling high temperature jacket water 
and lube oil. DriCooler ability to pin-point operating tem- 
peratures as recommended by engine manufacturers as- 
sures maximum fuel economy, smooth operation and long 
service life. 





DriCoolers are produced in such a broad range of 
models and sizes that they provide efficient cooling for 
engines from 50 hp. to 5000 hp. They are applicable to 
any climatic conditions are now in operation from 
Alaska to Arabia. 


MECHANICAL PARTS—Adijustable fans. fan 
is Geeeet cnkueee ya i oats OUTSTANDING DRICOOLER FEATURES y Induced or forced draft 
mies. designs to fit varying applications ye Marley-design headers permit un- 
usual flexibility of coil arrangement ye Extra strong truss construction— 
either all steel or asbestos-board covered redwood frame ye All mechanical 
equipment is designed, manufactured and guaranteed by Marley—proved by 
years of service in thousands of installations 








For 


there 


The Marley Company, Inc. 


Kansas City 15, Kansas 


ALSO PRODUCERS OF WORLD’S MOST COMPLETE LINE OF WATER COOLING TOWERS 
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ronewes FINK 


“Forgings by Fink!” ...a byword in the industry . . . the best obtain- 


able. “Forgings by Finkl” means that skilled craftsmen, employing 


modern methods and machinery, have selected the best steel for the 
job and created the best job from the steel. And to doubly insure long 
life and economical performance, each step in the development of 
the forging is thoroughly checked metallurgically. Nothing is taken 
for granted. 

A medium size forging, illustrated above, is the top head for a 
2,000 ton hydraulic press. It is made of C-1045 steel, normalized and 
drawn in one of Finkl’s heat treating shops. Forged from a 59” ingot, 
the rough machined forging shown weighs 22,800 pounds. Whether 
carbon or alloy steel, the Finkl organization can easily handle any 
job from a few pounds up to 50,000 pounds apiece. 

Write or phone when you are ready to talk about or plan your 


forgings. The experience of Finkl Sales Engineers is available to you. 


MANUFACTURERS OF THE LARGEST FORGINGS IN THE MIDDLE WEST 


A. Fink! & Sons Co. 


2011 SOUTHPORT AVENUE + CHICAGO 14 


DIE BLOCKS & INSERTS « PISTON RODS & RAMS « SOW BLOCKS « CRANKSHAFTS 
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Eliminates | 
3 {06 
Costly 
Shutdowns 


In general, corrosion in air preheaters occurs at the seals on the cold 


end, where corrosive sulphides and chlorides condense from hot flue 
gases on the cold metal. At this key point, Hastecioy alloys last 3 to 


6 times longer than other metals 


Air Preheater Seals of HASTELLOY Alloy Last 1¥2 to 2 Years 
in Presence of Sulphides, Chlorides, and Metallic Compounds 


Use of preheated air has resulted in considerable sav- 
ings at several refineries where HAasTeELLoy alloy has 
helped to eliminate the severe corrosion problem often 
encountered at the cold end of the preheater units. 
The radial, circumferential, and post seals ordinarily 
used in this service leak and overload blower motors 
after only 3 to 6 months because of the corrosive flue 


gases, Which condense when they strike the cold metal. 


Before the refineries switched to HasteLtoy alloy, 


maintenance and replacement costs frequently can- 


celed out much of the saving in fuel consumption and 
shir 


4 A N . S () 4h 7 
TRADE-MARK We ly) Uf ‘ 
4 - ‘ y 


“Haynes” and “Hastelloy” are trade-marks of Union Carbide and Carbon Corporation 
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other advantages of reclaiming waste heat from most 
reaction processes, 

Seals made from HastTe.cLoy alloy are not readily 
attacked by the refinery gases, which usually contain 
sulphides and chlorides, as well as compounds of vana- 
dium, arsenic, and other metalloids and metals. Equip- 
ment can be run continuously for as long as 18 months to 
2 years without shutdown for the replacement of seals 

For complete data on HasteLtoy alloys, write for 
the 40-page booklet, “Hastettoy High-Strength. 
Nickel-Base, Corrosion-Resistant Alloys.” 


Haynes Stellite Company 
A Division of 
Union Carbide and Carbon Corporation 
uC) 


General Offices and Works, Kokomo, Indiana 


Sales Offices 
Chicago — Cleveland — Detroit — Houston 
Los Angeles—New York—San Francisco—Tulsa 











for our foundry’ 


... says M. C. Crawford of 
RILEY STOKER CORPORATION 


Rp CORPORATION 


© equim 
an STEAM GENERATING to 


RiLeyY STOKE 


FUEL GURHIN 


r oration 
ontrack Ave. May 16. 1951 
inois 


s Christiansen. Pres. 


Dow- 
rchase of EDCO ~y 
- we made ov 


70 

url 

73% 

,° Ss 2.73 

1s been on ¥ $207 --resulted in Above photo shows molder ot Riley Stoker Corporation 

Bottom Bos rds ae ry It isa 1 placing EDCO Bottom Board on flask preparctory to press 

s for our fou ‘ther foundries. ing. EDCO DOWMETAL magnesium boords maintain high 

tremendous © ecommend them to we omy & castings and reduce rejects because the exclusive 

leasure ‘ sry truly. N grooved and vented design permits escope of gasses and 
= Yours ‘ait EY STOKER CORPORATIO insures mold stability 


D 
YU. 0 Cra 


Director of purchases 
Detroit Plan 


{~~ Nem fF 


Progressive foundry operators, like Riley 
Stoker Corporation, are equipping their 
foundries with EDCO DOWMETAL Bottom 
Boards 

Made of magnesium, these boards will not 
warp or break. There are no nails to come 
out, nothing to break or split—no upkeep! 
So durable, they can be considered permanent 
equipment. The many advantages from the 
use of these boards are effective immediately 
on their installation. 

Write us or phone CApitol 7-2060 today 
for complete price schedule and list of 74 
standard sizes available from stock. 


CHRISTIANSEN CORPORATION 
1519 MN. KILPATRICK AVE. + CHICAGO 51, ILLINOIS 
ALUMINUM ALLOY INGOTS e ZINC BASE DIE CASTING ALLOYS 
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More Scrap: 


More Steel /: 


Aerica expects the steel industry 
to produce more steel this year. More 
steel requires additional scrap. Steelmakers 
need the help of all steel users to get every 
possible extra pound of scrap to meet the 
nation’s call for more steel production. We 
urge you to do your part. Turn in your 
scrap through your regular channels. 


SS Borys 
iN Azx -€ 


General Offices - Youngstown 1, Ohio 
Export Offices--500 Fifth Avenue, New York 


MANUFACTURERS OF CARBON ALLOY AND YOLOY STEELS 


The steel industry is using all its resources to produce more steel, but it needs your help and 
needs it now. Turn in your scrap, through your regular sources, at the earliest possible moment 
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Designed for Durability® 


Hoskins Chromel*-equipped Electric Heat Treating Furnaces 


Take a good look inside any Hoskins Electric Furnace and you'll quickly 
understand why they're known for dependability. For beneath their sturdy 
rugged external construction . . . inside their heavy heat-containing insula- 
tion . . . you'll find that every one is equipped with long-lasting heating 
elements made of CHROMEL resistance alloy. 


CHROMEL, you know, is the original nickel-chromium alloy that first 
made electrical heating practical. It's highly resistant to oxidation 
possesses close-to-constant “hot” resistance between 700° and 2000° F., 
delivers full rated power throughout its long and useful life. And, as the 
most vital part of every Hoskins Furnace, it represents your best assurance 
of long-life satisfactory service. 


So next time you're in the market for good, dependable heat treating 
equipment equipment designed for durability, efficient low-cost 
operation, and the production of uniformly high quality work . . . you'll 


do well to get the facts on the Hoskins line of CHROMEL-equipped 
Electric Furnaces. 


Our Catalog 59-R contains complete information ... want a copy? 


——?: 


TYPE FR-251 1 


BOX FURNACE ‘i | 


TYPE FK BRAZING FURNACE 
— 
4,» 
TYPE Of.104 
POT FURNACE 


HOSKINS MANUFACTURING COMPANY 


4445 LAWTON AVE . 


NEW YORK 7 CLEVELAND . 


West Coast Representotives Seottie, Sen Francisco 


In Coneda: Walker Metal Products, itd Wolkerville 


® 


*the o 


DETROIT & MICHIGAN 
CHICAGO 


los Angeles 


Ontario 


chel-chromium resistance alloy that first made electrical heating practical 
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How can I keep 
furnace fuel costs 





Sil-O-Cel 


Natural 


Insulating Brick 


Sil-O-Cel 
C-22 


Insulating Brick 


Insulating Brick 


JONNS MANVI! 


down? 


— 
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Bask 





ack up with 
SIL-O-CEL Insulating 


Brick! 





3 economical answers fo 
high-temperature insulation problems 





Nature HERSELF has produced one of the 
most effective high-temperature insulating 
materials ever discovered—diatomaceous 
from which Sil-O-Cel* 


Brick are made. 


silica, Insulating 


These insulating brick are used for back-up 
insulation behind fire brick or insulating 
fire brick linings in boilers, stills, stacks, 
heat-treating furnaces, kilns, lehrs, flues, re- 
torts, and other types of high-temperature 
equipment. 


Sil-O-Cel Insulating Brick have excellent 
insulating qualities combined with high 
load-bearing characteristics and light weight. 


Made in all standard shapes of the 2% in. 
and 3 in. series, Sil-O-Cel Insulating Brick 
are produced in three basic types: 


SIL-O-CEL NATURAL INSULATING BRICK 
for temperatures to 1600F 


Quarried directly from one of the world’s 
purest deposits of diatomaceous silica, these 
insulating brick have a conductivity of only 
0.79 Btu in./ sq ft F/hr at 1000F mean 
temperature, with heat flow perpendicular 





PrOoOUCTS 
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to brick strata. Yet their density is only 


30 Ib ‘cu ft. Cold crushing strength, 400 psi. 


SIL-O-CEL C-22 INSULATING BRICK 
for temperatures to 2000F 


Ideal where high load-bearing properties 
are needed, this type of Sil-O-Cel is calcined, 
and has a cold crushing strength of 700 psi. 
Conductivity is 1.88 Btu in./sq ft F/hr 
at 1000F mean temperature. Density, 38 
Ib/cu ft. 


SH-O-CEL SUPER INSULATING BRICK 
for temperatures to 2500F 


A calcined insulating brick for unusually 
high temperatures. In many cases, it is also 
possible to save on construction costs by 
reducing the thickness of fire brick or in- 
sulating fire brick when backed with Sil-O-Cel 
Super Insulating Brick. Conductivity is 1.95 
Btu in./sq ft/F/hr at 1OOOF mean tem- 
perature. Density, 40 Ib. /cu. ft. Cold crushing 
strength, 300 psi. 


For further information, write to Johns- 
Manville, Box 290, New York, N. Y. In 
Canada, write 199 Bay St., Toronto 1, Ont. 





Johns-Manville fob INSULATIONS 








STRESSPROOF PROVIDES 


4' tel BAR 


1. Eliminates Heat Treating 


Its in-the-bar strength, as received, 
is twice as great as ordinary cold- 


finished steel shafting. 


Eliminates Case Hardening 


Its resistance to wear, as machined, 
is sufficient to replace many heat- 


treated or carburized steels. 


Minimizes Warpage 
Because it is stress-relieved, this 
superior bar assures the user a min- 


imum of distortion. 


. Speeds Up Machining 


Has in-the-bar machinability fully 


50°) better than heat-treated alloys 


of the same hardness. 








Many companies are realizing important savings by using 
Ground and Polished STRESS? ROOF bars instead of grinding the 
steel in their own shop. For this superior steel provides precision 
tolerances at a reasonable cost, without tying up valuable labor 
and machinery. 

This all-purpose bar stock is ground to close tolerance and 
highly polished at the LaSalle plant on batteries of modern ma- 
chines — at lower cost than you can grind it yourself. Furthermore, 
because this versatile steel is stress-relieved, it requires no straight- 
ening after keyseating, journaling, threading, or other machining 
operations. And its four qualities in-the-bar eliminate many other 
costly operations. 

Almost all of today’s Ground and Polished STRESSPROOF 
production is going into defense jobs. However, from time to time, 
some sizes of sample bars may be available for testing purposes. 


LZ Salle: STEEL CO. 
1424 150th Street, Hammond, Indiana 
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IH can now forecast... with high accuracy... the 
behavior of metals used in building equipment for 
long and satisfactory service. 

Here is how IH research men go about it. 

With the RCA Electron Microscope, they observe 
the minute particles in the metals. They study the effect 


-_ - 


How the RCA hiooere helps 
INTERNATIONAL HARVESTER 


make better equipment 


Consider the possibilities of this powerful instru- 
ment in your own research and production operations. 
You can obtain sharp images at direct magnification 
from 500 to 23,000 diameters, with photographic 
enlargements up to 100,000 diameters. You can resolve 
detail from 20 to 50 times finer than the best light 


microscope. You can bring every level of the specimen 
into sharp focus—regardless of the magnifying power 
you choose. You can also employ this versatile instru- 
ment for electron diffraction studies. 


of carbide particle size on metal properties, make 
quantitative volume studies of different phases, analyze 
the structural changes accompanying the tempering of 
martensite—and uncover new important and essential 
facts that help solve many manufacturing problems in the 


For complete data, write Dept. 72 U, 
laboratories and factories! 4 3 


RCA Engi- 
neering Products, Camden, N. J. 


SCIENTIFIC INSTRUMENTS 


RADIO CORPORATION of AMERICA 


SHOIMEERING 78 28 P ad. 





in Conade: RCA VICTOR Company Limited, Montreo! 


1H researcher observing a sample of 
steel in the RCA Electron Microscope 
This instrument aids him in measur- 
ing carbide particle size and distri- 
bution—to predict the performance 
of the metal! 


2.2% carbon, 12% chromium tool 
steel— magnified 7000 x by the RCA 
Flectron Microscope. The approxi- 
mately round islands are carbides; the 
irregular islands are austenite; the 
somewhat rough surface comprises 
martensite. The specimen was mechani- 
cally polished and etched with 4% 
picral. A replica was made of Formvar, 
then shadowed with chromium. 
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52100 TUBING 


101 stock sizes. A high carbon 
chrome, direct quenching steel 
which gives through hardness in 
moderate sections. Typical uses: 
aircraft parts, slitter knives, 
bearing races, pump parts and 
plungers, collets, bushings, 
spindles, grinding machines, pre- 
cision instruments. 


“NICKEL-MOLY” TUBING 


52 stock sizes. A low carbon 
“nickel-moly”, carburizing steel 
which gives high surface hard- 
ness with a tough core. Typical 
uses: piston pins, bearing races, 
farm equipment, knitting ma- 
chinery, sleeves, bushings, pump 
parts, perforating guns. 


These two TIMKEN’ steels will do 


90% of your hollow parts jobs 


and are available now in warehouse lots! 


F rush jobs find you short of steel tubing, get in touch 

with the Timken Company. The two Timken” steels 
described above—52100 tubing and “Nickel-moly” tub- 
ing—will do 9 out of 10 of your hollow parts jobs. And 
we guarantee shipment of warehouse lots within 24 hours 
after receipt of order. 

We maintain a mill stock of 101 sizes of 52100 tubing 
—from 1" to 10%" O.D. This analysis is through-harden- 
ing in moderate sections. It can be heat treated to file 
hardness and tempered back to any point you want. There 


YEARS AHEAD —THROUGH EXPERIENCE AND RESEARCH 





are 52 stock sizes of “Nickel-moly” tubing—from 1%" 
to 10%" O.D. With heat treatment, it develops exceptional 
shock absorbing qualities. 


Uniformity in every shipment is assured by the Timken 
Company's complete, rigid quality control from melting 
through final inspection. For the current mill stock list, 
write on your company letterhead to The Timken Roller 
Bearing Company, Steel and Tube Division, Canton 6, 
Ohio. Cable address: ““TIMROSCO”. 


TIMKEN 


VTi sb ade 
[ Si) TF 


Sper ts 
steel bere 1 con 


analyses —and alloy 
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another 

OLSEN 

SUPER ‘L” 

training tomorrow's 
engineers 





Put an Olsen 
in your 

plant and gain 
all of 

the advantages 
of low-cost 
testing with 
high accuracy. 


Photo courtesy of Walla Walla College, Walla Walla, Washington 





Engineering schools and colleges as well as industries 
all over the country are enthusiastic about the Olsen 


Super "L” with Selecdrange indicating system 





which reduces accurate testing to its utter sim- 
plicity—a 50 to 1 ratio of testing ranges — 
change from one range to another during test— automatic 
lighting of range in use; 3 ranges on one 28’ dial. 

The 60,0004 machine shown has 14 inch WRITE TODAY FOR BULLETIN 40. 
span between screws; it is also available with 


30 inch span. 


The Olsen Super “'L” is the best buy in universal testing 
machines available today. It is low in cost, ruggedly 


constructed with traditional Olsen workmanship, and Testing & Balancing pike 


meets ASTM, governmental and service specifications. 
TINIUS OLSEN 


TESTING MACHINE CO. 


>, 2030 Easton Rd, Willow Grove, Pa 
a ae es eee i 


METAL PROGRESS; PAGE 26 





Inconel baskets like these have given over seven yeors of 


trouble-free service in an annealing and pickling process. 
Fabricated by Rolock, Inc., Fairfield, Conn. 


The baskets are 282" x 28'2" x 7-5/16” O.D. They ore 
fabricated of 2” c-c .250" dia. wire and weigh only 27% Ibs. 
The woven construction of the bottom and sides allows 
expansion and contraction during the process with a 
minimum of distortion to the fixture. 


] years service 
in an annealing FUFMACE ... on si on te jo 


These conveyor baskets for annealing and pickling 


brass shell cases have to be rugged. 
Here’s what they have to stand up against. 


First they must carry 200 to 300 pounds of brass 
shell cases through an annealing furnace with tempera- 
tures up to 1100°F. for as long as 244 hours. Then they 
are spray-quenched with water. Then they are put into 
a pickling solution of from 10 to 15% sulfuric acid at 
temperatures of 140° to 180 F. 


A material, to give day-after-day service under con- 


ditions like these, must have unusual qualities. 


And Rolock, Inc., metal fabricators, knew that ma- 
terial—Inconel®! 


The baskets were designed and fabricated over seven 


years ago. They have been in almost daily use ever since 
yet they have not suffered any significant attack by 
corrosion, 


That’s because Inconel is highly resistant to destruc- 
tive oxidation, corrosion, heat-cracking, and embrittle- 
ment, even at temperatures as high as 2000°F. 


Like Rolock, leading fabricators throughout the 
country have made Inconel the standard metal for 
high-heat applications. But right now, Inconel is hard 
to get because so much is being diverted to defense. 
Your own fabricator will be able to tell you about 
present availabilities. 


THE INTERNATIONAL NICKEL COMPANY, INC. 
67 Wall Street, New York 5, N. Y. 


. . « for long life at high temperatures 
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~ RIFHLE 


2 PORTABLE 
HARDNESS TESTER 


@ Guaranteed Accuracy 

@ Direct Reading 

@ Rockwell Scales A, B and C 
Portable . . . for your convenience and economy 
in "on-the-spot" testing of bars, sheets, tubing, 
gears, crankshafts, hardened parts and hard-to- 
get-at pieces. Tests both inside and outside 
surfaces of specimens up to 5” in diameter or 


thickness. Eliminates set-up time and cutting test 


> 
Testing convex surfaces Testing stainless steel! Testing cast beveled 
of brass tubing sheet gear teeeth 


coupons from heavy parts. 


COMES IN COMPACT CARRYING CASE 
with three calibrated test blocks, flat an- 
vil, “V" anvil, convex anvil, diamond and 
ball indentors. Weight only 6 Ibs., 7 oz. 


OTHER RIEHLE PRODUCTS . 
Testing steel castings Receiving inspection of 


@ HYDRAULIC AND SCREW POWER bar stock 
UNIVERSAL TESTING MACHINES 


© COMPRESSION TESTING MACHINES |) / LI / / / 2 

© IMPACT TESTERS 4S FS | = 

© TORSION TESTERS Division of 

o waabtines ates tees AMERICAN MACHINE AND METALS, INC. 
© VICKERS AND BRINELL TESTERS East Moline, Illinois 


Representatives in Principal Citic 
FOREIGN SALES OFFICE: Wool h Build 


4 oy Du i "9 New York de N. ¥. 
“ONE TEST IS WORTH A THOUSAND EXPERT OPINIONS” 
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Engineering 


OF 


Digest 


NEW PRODUCTS 








SPOT WELDING AND SOLDERING 
MACHINE: A _ new 


soldering machine 


welding and 
by Joyal Products 
is of particular interest to the manu- 
facturer of small products. It solders 

welds in less than a second It 
spot welds 
will solde 


steel parts up to in., and 
brass up to % in. thick, 
as well as sterling silver and other 
automatic cut- 


soldering 


precious metals. An 


off timer regulats time. 
Heat control with eleven adjustments 
determines correct heat for the job. 


When dials are set 


time, heat, and holding pressure on 


, uniform soldering 


the electrodes are maintained, regard 
less of how long the foot switch is 
held dowr 

For further information circle No. 268 
on literature request card on p. 32B 


HIGH-VACUUM PUMP: A new mi 
crovac pump has been put on the 
market by the F. J. Stokes Machine 
Co. It has a capacity of 500 cu.ft. per 
min. and is suitable for any type of 
vacuum processing work \ water 
cooled unit which operates at 390 rpm 
with a top-mounted 25-hp. motor, it 
weighs 2400 lb. and is 76 in. high. It 
igh volumetric efficien 
cy because there is a complete dis- 
charge of air at each stroke, with no 
With only 

{ 


four moving parts and low 


chance for re-expansion. 
relative 
surface motion of piston to housing, 
minimum wear and low upkeep can 
be expected. 

For further information circle No. 269 


on literature request card on p. 32B 


LABORATORY APPARATUS: RCA 
announces a low-cost unit to speed 
preparation of shadow-cast specimens 
The ap- 
paratus permits laboratory personnel 


for the electron micros¢ ope. 


to deposit a thin coating of tungsten, 
molybdenum or other suitable material 
by evaporation on as Many as six 
glass microscope slides at one loading 
in the all-metal vacuum chamber. The 
init consists of a small steel vacuum 
chamber which is evacuated at high 
speed by an oil diffusion pump, backed 


by a mechanical fore pump. The 
entire unit, with the exception of the 
steel 


and weighs 


contained in a 
cabinet 14 by 14 by 10 i 


only 40 lb. The power requirement is 


fore pump, is 


700 watts at 105-125 volts, 60 cycles. 
For further information circle No. 270 
on literature request card on p. 32B 


SOLVENT CLEANER AND ADDI- 
TIVE: The Magnus Chemical Co. ha 

announced that Magnusol, an emulsi 
fiable solvent cleaner, can also be used 
as an additive to forming, cutting and 
stamping oils to act as insurance that 
the existing cleaning method will cor 

tinue to do the job expected of it, re 

gardiess of any changes made in the 
formula of the lubricating compounds 
For further information circle No. 271 
on literature request card on p. 32B 


SHEET METAL TESTER: J. Arthu: 
Deakin & Son are introducing G. H 
Alexander’s tester for 
Erichsen test for 


making the 
workability and 


fracture of sheet metal. It will handlk 


material up to in. thick. In testing, 
accurate to 0.0004 in. are 


obtainable. Test pieces 3% in. square 


readings 


and strips up to 2 in. wide can be 
Additional 


interchangeable tools can be supplied 


tested with standard tool 


for checking narrow strips. 


For further information circle No. 272 


? 
on literature request card on p. 32B 


VERNIER POWER FEED: The DoAll 
Co. announces an improvement of 
power feed control on their hydrauli 
band tooled machine 


cally operated 


which will give the operator more 
ensitive control of the hydraulic table 
when sawing thick steel sections o1 
when line grinding or diamond-sawing 


in-feed 


knob has an added vernier control at 


hardened alloys The tablk 


the ide which enables the operato1 
to start a cut with a low feed rate 
For further information circle No. 273 


on literature request card on p. 32B 





FLAT WIRE PREFORMS: Flat wire 
“No-Tangle” 
relieved silver 


notched-coil stress 
brazing and soldering 
rings for faster, more economical and 
improved brazing of armed forces pro 
jectiles and other ordnance equipment 
and supplies are now available from 
the Lucas-Milhaupt Engineering Co 
These flat wire preforms were espe 
cially designed for applications re 
quiring larger volume of silver alloy 
for added strength in critical joints 
and where the depth and shape of the 
groove prohibited use of round wire 
rings. Flat wire rings can be made in 
unlimited, job-determined diameters 


and wire thicknesses in butt, lap and 


gap form. Because they are flattened 


to individual job specifications, new 
rings provide a more complete fill and 
a stronger, leak-proof bond Stress 
relieved rings retain a plus and minus 
0.001-in, tolerance under all conditions 
and do not distort or fall away from 
the workpiece when heat is applied. 
Stress relieving permits gap rings to 
be compressed easily into grooves in 
inner diameter applications. Released, 
they expand automatically to specified 
diameter Lap and butt rings are de 
signed for close tolerance applications 
on keyed and nonkeyed outer surfaces 
For further information circle No. 274 


on literature request card on p. 32B 
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Tempilstiks 


A simple method of 
controlling temper- 
atures in: 


© WELDING 
© FLAME-CUTTING 


f 
© TEMPERING available 
© FORGING in pellet 
© CASTING and 
© MOLDING liquid 
© DRAWING form 
© STRAIGHTENING 


© HEAT-TREATING 
IN GENERAL 


it's this simple: Select the 
Tempilstik® for the working 
temperature you wont. Mork 
your workpiece with it. When 
the Tempilstik® 
the specified temperature has 
been reached. 


mork melts, 

gives up 
te 2000 
reodings 





Available in these temperatures (°F) 





113 | 263 400 950 
125 275 450 1000 
138 288 500 1050 
150 300 1100 
163 313 1150 
+t ee 1200 
200 | 338 1250 
213 350 1300 
225 363 1350 
238 375 1400 
250 | 388 1450 


1500 
1550 
1600 
1650 
1700 
1750 
1800 
1850 
1900 
1950 
2000 


FREE —Tempil® “Basic Guide 
to Ferrous Metallurgy" 
— 16%” by 21” plastic-laminated wall 


chart in color. Send for sample pellets, 
stating ———— of interest to you. 























CLAUD S. GORDON co. 


Manufacturers & Distributors 
Thermocouple Supplies + Industria! Furnaces & Ovens 
Pyrometers & Controls + Metallurgical Testing Machines 
Dept. 15 + 3000 South Wollace St., Chic 16, Mm. 
Dept. 15 + 2035 Hamilton Ave., Clevel 14, Ohio 


Preiet,2 - 
i 
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ISOMA HARDNESS 
Cosa 


United 


TESTER: The 
introducing in the 
States the Isoma tester for 
measuring Vickers hardness on 
round and flat 


Corp. is 


small 
foil, tin- 
This tester 


metal parts, 
plate and other materials. 


has an automatic weight selecting de 
vice for applying dead weight 
from 50 to 1000 g. The minimum 
thickness of flat pieces to be tested is 
0.0005 in. 


loads 


Minimum diameter for 
from 0.003 to 0.005 in. 


equipment includes optical 


rounds is 

Standard 

measuring system, transformer for 

110 or 220 volts, base plate, test block, 

bulbs table of equivalent 
Special supports and clamps 

are available for holding thin material 

and extremely small parts. 

For further information circle No. : 

on literature request card on p. 


spare and 


values. 


ARC DRIVE CONTROL:  Westing- 
house Electric Corp. now has available 
an are drive control to produce 
trical transient characteristics 
able for welding operations. 
The device operates automatically and 
instantaneously to 


elec 
desir 
certain 


provide an extra 
surge of welding current at the mo- 
ment the are shorted. The 
extra surge of current helps clear the 
arc path and prevents are outage 
sticking of the electrode. The 


becomes 


or 


amount 





of are drive desired can be set by the 


operator and a 


stat in the are 


self-heating thermo- 


drive circuit protects it 
from overheating. 

For further information circle No. 27 
on literature 


request card on p. 


SOLVENT CLEANER: 
Chemical Corp. 


Du-Lite 
announces the devel 
solvent. De 
signed specifically for a quick removal 
of buffing 


opment of a new soak 


and drawing compounds 
fluted surfaces of all 


, it will also remove 


from knurled or 


metals greases and 


oils in less than a minute and also 


can be used for preparing metal sur 


faces prior to plating, painting, 


bonderizing and 


par! 
galvanizing 
For further information circle No. 277 
on literature request 


erizing, 


card on p. 32B 


ELECTRONIC 


and accurate 


MICROMETER: 


measurements 


Rapid 
to a tol 


erance of claimed for 


0.00002 in. are 
the Carson-Dice electronic micrometer 
manufactured by the J. W. Dice Co. 
An electronic conjune- 


circuit used in 


tion with an extremely 


accurate mi 
crometer head permits “pressureless” 
measurement and eliminates “feel” as 
of error. The electronic cir 
sufficiently 
on-and-off indications 
millionths of an 
placement at the 


a source 


cuit is sensitive to give 
positive with 


only five inch dis 


contact. The mi 


crometer can be used for rapid meas- 


urement of machined parts, ball bear- 
ings, small assemblies and depths of 


counterbore. It can used to 


also be 
measure deflections in diaphragms, bi 
metal elements, springs, bellows and 
similar applications 

For further information circle No. 


on literature request 


278 


card on p. 32B 


TEMPERATURE 
Model V-1C Water, 
Tight Temperature 


CONTROL: The 
Vapor and Dust 
Control is an 





nounced by the Burling Instrument 
Co. Interchangeable with other in- 
strument heads, it can be supplied for 
any temperature from minus 200 to 
1400" F. with standard tubes and up 
to 1800" F. with special tubes. It can 
be supplied with either microswitches 
or manual reset switches. 

For further information circle No. 279 
on literature request card on p. 32B 


ELECTRO-MECHANICAL MEAS- 
URE: W. C. Dillon & Co. announces 
an improved system for measuring 
tension, weight or tractive loads re- 


motely. It is electro-mechanical 


design and is now equipped with over- 
size selsyn motors for added torque 
Either 


one or two repeater stations may be 


and increased dependability. 


used with each transmitter dynamom- 
eter as desired. Distance between each 
It has twelve 
different capacities from 0 
to 0 — 50,000 Ib. 

For further information circle No. 280 
on literature request card on p. 32B 


repeater can be varied 


500 lb. up 


THICKNESS TESTER: The Audi- 
gage, a portable, self-contained thick- 
ness tester, is announced by Branson 
Instruments, Inc. It can be used to 
measure steel thickness over a range 
of “& to 12 in., from one side only. It 
does this by determining the frequen- 
cy of vibration in the thickness direc- 
tion. This property is essentially in- 
dependent of the other dimensions of 
the material. Designed for one-man 
operation, the instrument has a con- 
version scale concentric with the fre- 
quency scale and enables the operator 
to read thickness directly in terms of 
frequency. 

For further information circle No. 281 
on literature request card on p. 32B 


NEW CONTROL: 


combining the 


A new instrument, 
advantages of pneu- 
matic control and having a calibrated 
chart 120 ft. long and 11 in. wide, has 
been developed by the Brown Instru- 
ments Div. The new instrument is an 
electronic potentiometer that has a 
10‘% proportional band, a 150% pro- 


portional band and manual reset, o1 


a 1507 proportional band and auto- 
matic reset. 

For further information circle No. 282 
on literature request card on p. 32B 


HEATER: The Brown Fintube Co.'s 
Type 102 Direct Fired Heater consists 
of a stainless steel outer shell with 
expansion section and an Inconel cen 
ter tube with integrally welded ex- 
tended surface nickel fins. Designed 
for high fuel and thermal efficiency, 
the equipment will heat air, special 
atmospheres, gases or liquids without 
contaminating them with the products 
of combustion. With an accurately 
controlled temperature range to 1600 
F., the heaters use either gas or oil 
as fuel. 

For further information circle No. 283 
on literature request card on p. 32B 


WELDING RODS: Silicon-free, flux 
coated aluminum welding rods for 
oxy-acetylene and oxy-hydrogen weld 
ing have been released by the Eutectic 
Welding Alloys Corp. Manufactured 
in %& and /& in. diameters, the rods 
can be used in applications where an 
anodized silicon-bearing welding rod 
has produced an objectionable dark 
weld. 

For further information circle No. 284 
on literature request card on p. 32B 


CONTINUOUS SAMPLING MONI- 
TOR: A new electrical device, per 
fected by General Electric Co., 
nates the complexity of paper work 


elimi 


inherent in the continuous sampling 


methods of quality control. In opera 


tion, a given number of consecutive 


acceptable units is established by 


100% inspection. This “clearance 
number” and the percentage number 
to be used for sampling are deter 
mined by the desired average outgo 
(AOQL) 
from a set of curves supplied with the 
equipment 


ing quality level selected 
Once the clearance num 


ber is reached, the operator begins 
sampling and continues until an un 
This defec 


tive unit is replaced by a good unit 


acceptable unit is found 
and the 100 inspection is followed 
for another clearance 

For further information circle No. 285 
on literature request card on p. 32B 
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Write for 
Bulletin N-1 


Eclipse Fuel Engineering Company 
727 South Main St 


SIZES 


ent 
mmediate shipe 
! 


PRESSED STEEL 
POTS ror rena, 


Salt, Cyanide, 
Oil Tempering, 
Metal Melting. 


Pressed Steel means 
Dependability. 


Eclipse Pressed Stee! Pots are seam 
less formed from *,” firebox plate 
They are uniform in quality, relatively 
light in weight. Thirty-odd years of 
service has proved them ideal for all 
heat-treating operations and for the 
melting of lead base alloys. They 
offer dependable long life, freedom 
from sudden failure, higher strength 
at elevated temperatures, marked 
savings in fuel costs, increased pro 
juction and immediate availability 


Representatives in all Principal Cities 


McKee 
Eclipse 
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RELY ON <3 75239 


Ultrasone 
REFLECTOSCOPE 


TEST NEW MATERIAL at the mill to 
improve quality and customer accept- 
ance. TEST METALS PRIOR TO PROCES- 
SING, MACHINING AND FABRICATING 
to avoid wasted machine time and man- 
hours resulting from faulty materials 
QUALITY CONTROL of work in process. 
MAINTENANCE INSPECTION to detect 
MEASURE PHYSICAL 


Rely on the ultrasonic 


fatigue fractures 
DIMENSIONS 
Reflectoscope to provide accurate inspec- 
tion—instantaneously at low cost. Reflect- 
oscopes are available for sale, for rent 
or lease 

WRITE FOR THIS 

BULLETIN TODAY! 

LEARN HOW TO 

IMPROVE QUALITY 

and SAVE DOLLARS 


SPERRY . 


Products, Inc. 
DANBURY, CONNECTICUT 
Please send me the following 
() REFLECTOSCOPE BULLETIN 50-105 
() NAME OF NEAREST REPRESENTATIVE 
NAME 
TITLE 
COMPANY 
CO. ADDRESS 
city ZONE STATE 


in rll MOI 


SPERRY ALSO MANUFACTURES 
COUPLINGS, HYDRAULIC CONTROLS 
AND OTHER TESTING EQUIPMENT 
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What's New 


IN MANUFACTURERS’ 
LITERATURE 





286. Alloy Steel 
at a t La te 


l S. Steel ¢ 


287. Alloy Steel 


I D D t 

288. lloy Steel 
blic Allow Steels and H 
I 
289. Alloys, Fabricated 


it 


290. Alloys, 
Hastell ke 


k , 


Nickel 


sket \ 
Hastell 


Haynes Stellite ¢ 
291. 
Copy 


be 


Aluminum 

\ \l 

g. Alum 

P| f immer: 
292. Aluminum Forgings 

To hely designing for 
( f Americ 
293. Aluminum Welding 
New trol system that extend 
welding a m, ful 
1 Ad rN 15 i 

Are Welding 
eldiu \ir ert 


‘ £ 


294. 
He 


ved \ Dt 
( 


295. Belts, Metal 
Bulletin 47P illustrate 


t t i 
‘ c | 


Redu 


, er 


296. Brass and Bronze 
Scteas pina ‘tiated , 
ied to t it 


Brinell 
del Brine 


297. 
Bet 


id 
ed i 


Testing Machine 
298. Camera, High Speed 
Magnifying Time”, a new folder 
i. Part 
} d 

= eek of taiad 


Eastman K ( 


‘arbon Control 
T-623 describe he M 
‘ioe oe 
300. Castings 
bullet FC.350 t 
[= 1 Fahrit 
thio Sieel Foundry ¢ 
301. Cleaning and Buffing 
Se ceatete aaa 
th 
1 


ler de 
peed camera capable 1000 to 3000 4 





302. Cleaning Brushes 
New booklet show ? t ‘ 


iru ey 


Exp ig 
etal d other ds set ‘ 
12-page booklet porized Met 
High Vacuu Distillation Produ 


C f ; 
303. Coatings, Metal 


304. Coatings, Zine 
16- page trated | khe 1 
K i °: the 
Ss ? e ) Le ~ Ci 
305. Cold Drawing 
. coe ’ oe 
306. Combustion Conirol 
32-4 t ke ete 


wit 
ensive ita ‘ 
Minnea Hone 
D 


dustr t 


t 


307. Copper Alloy Tubes 
\ extensively llustrated 32-page 


Revere ¢ 

308. Copper and Copper Alloys 
New 24-page beoklet B-36 d es corr 

ttace copper and copper . lude 


Br 
309. 


Cutting Oils 
} et G I 


311. Cutting Oils 


ing operat DA 
Cutting Oils 


i 


Dry Cooler 
t DC.50 llustrat 
in a wide rang r 

giobs. Marley ¢ 


gi yecit 


314. Ductile Cast tron 
juctile iron, along witt 
und 100 authorized foundr 


1 kel ( 


K Internat 


315. Electrodes, Hard-Facing 


316. Electron Microscope 

The new table model RCA elect 
fescribed and illustrated 

Kad { r imerica 

317. Finishes 
Ne r 


~ 4-page tw t 


318. Forgings 
<a aOa cone 
ated data. We 

irawings. Merrill Br 
319, 


ul Ld 
Forgings 
bullet $1 





is Copper Holcrof & 
Furnace, Atmosphere 
1 gives full description of ver 
hig! p x range i 00 280 
sre Tool Steel Cor 


322. Furnaces 


323. Furnaces 
New bulletin 84P des« 
lectric models as wel 
type furnaces 
Furnaces 
e bulletis 


325. Furnaces 


4 rhea 
and le : Charles A ‘He 
Furnaces, Industrial 


18 typi nstalla 


Furna e¢ 
7. Gas Analyzer 
Further in silable on Type 
' £ 


na  Mecaweh ¢ 


328. Hardness Tester, Porta 


329. ‘Sots Elements, 
E le “c tric 
tin H gives detailed it 


r rundum ( 
330. He at Treating 
cehiaee 


able 150, 100 4 sp nd « 
nient! ated stock ts 


Allied Chemi 7 


331. eat Treating 


Dye 


ng and 

In iu rie 

332. “Hes at Treating 
Bul how Niag 


‘arriers 
“serene 

g to finist 
7¢ 

“Heat Treating Equipens 
820 jetailed des ; 

— ise with s> apes 
335, "Heat Treating Furnaces 
Illustrated literature describes newest de 
ents in gas and electric heat treating fur 

Westinghouse Electric Corp 
336. Heat Treating Pots 
Ne I 20S li ts 118 patterr 
t eat [ bot! n 
, sure tested for 
'Electro-All 


337. High Spee nd Steel 
Full 


Mfe. Co 
339. 


Bullet 


controlled or not... 


gives you 


more parts 
per pound 


CMP’s high-precision mills 
insure exceptionally-close thick- 
ness tolerances and across-the- 
width gauge uniformity in 
THINSTEEL. 

With oversize variation kept to 
the minimum you are assured 
more footage —as much as 175 
square feet per ton in lighter 
gauges—from the steel you buy. 


Both were ordered 
7/16” x .015”. Both 
weigh 1/4 ounce. 





The tagged piece is precision 
THINSTEEL and is over 8%” 
long. The other is ordinary 
strip on the high side of the 
allowable gauge tolerance — 
002” oversize—and is about 


7%," long. 


THINK OF THE 
SAVING IN A TON 


ir Cold Metal Products co. 


YOUNGSTOWN |, OHIO 


New York © Chicago © Indienapolis © Detroit © Sr. Lowis © Los Angeles © Clevelend 


LOW CARBON, HIGH CARBON [Annesied or Tempered) STAINLESS AND 
ALLOY GRADES, ELECTRO ZINC COATED ARE AVAILABLE FROM: 


THE COLD METAL PRODUCTS CO. of CALIFORNIA, 6600 McKinley Avenve, Los Angeles 
Pleasent 3-129) 
THE KENILWORTH om CO., 750 Bovlevord, Kenilworth, New Jersey 
Phones: N. Y., COrtlandt 7.2427; N. J., UNicnville 2.6900 
PRECISION STEEL WAREHOUSE, INC., 4425 W. Kinzie, Chicoge » Phone: COlumbus 1.2700 














320. Furnace j 
Full information furnished or ew ga tr ew 
phere high-production furnace for handling bright 


annealing of wire, str 





soaherens cosper dios. Bacal & C 

321. Furnace, Atmosphere IN MANUFAC) 
Bulletin F-1 gives full description of versat 
yntrolled-atmosphere turnace 


high carbon to high speed rar 
Delaware Tool Steel Cor 


322. Furnaces 


ze 1200 28001 






















aif High temperature furnaces for temperatures uy 340. Induction Heating 35 
to 2000°1 are descr be 1 eaflet Carl-M } ] | K 
. Cort id redesigning f prod ' ; 
» 29° . bee iM Profit t Cer 
28 323. Furnaces Kar juction Heating for t : a 
iB New bulletin 84P describes eight size gas of sor sod tre fortune ging of k-fitting 35 
, electric model well ed 1 bat ‘ vat fi ( ; 
veig or pot-type ir es De h Oven ¢ 341 I " t ra " PI a ™ 
=a 26 ; 341. Industria annir 
oak 324. Furnaces here “ . ° 
285 Descriptive bulletit t pot furnace pee , g ext 35 
ie wide range of size r either high or low-pr r ba wee = . " 1 t. Cor de) 
grad gas in heat treating | parts with lead le nente ndustr mgineer . 
Wil wT ther salt bat processe e Fue ” . - 7 ‘ 
Love neering ( 342. Industrial X-Ray , 
‘ ‘ | q X.R 
288 325. F urnaces __ New gon 
Ne Complete talog able describing . ple £ : 
bil Buzzer | ‘ lesigned ad = tani : 
rom also atn ¢ t hardening rn t x 
¥ cyanide and lead hardening. Charles A. Hones, Inc. 343. Insulation, Block . 
289 326. Furnac es, Industrial New 4-pag i on Se oe eqnetanedine 3: 
a Bred end : carats Roos yy oan table 
. x ende e 
{ mplete w I lesig ip Vu ’ 
bright annealing, scale-free hardening ' eine ; 
290 teration, carberising and production best treat 344. lron, High Chromium 
RELY ON Sperry Hi meen. Sreire Furness 4 Mow hookiat. “Al Resistant High-Chro- | 
4 — 327. Gas Analyzer ; ‘ Npsen 3: 
pod Further rmat available I 09-1240 


ab Furnaces 


Has a new packaged unit vacuum 1 x ¢ Electro M 
. Hels ised to determine the tent xyge trog 
ay and hydrogen i eta \ nal Research Cor 345. I 




































on : 
te 328. Hardness Tester, Portable wow pet Tee HD.62 HD-s4 
° Iustrated circular describing the Ames portable Hevi Duty Electric ¢ hai 
REFLECTOSCOPE |) icc ees = 
vhoke romnl ceak Tat. eee Kradwen Decmac Wie 346. Laboratory Equipment 3 
Co. @ 329, ating N t i i 
TEST NEW MATERIAL at the mill to ; Heat ne Elements, » net . 
292. Elec tric k king I . 
improve quality and customer accept- To Bullet Hi jetailed tior AT ‘ ment Cor 
ance. TEST METALS PRIOR TO PROCES- ical oa iae c ania caiieee af aloes avaiable, Cieber 347. Laboratory Safety ‘ 
SING, MACHINING AND FABRICATING the Dit., Carborundum ( x 0 tud 3 
to avoid wasted machine time and man- — : 330. Heat Treating ceong H m : ~ . g 
hours resulting from faulty materials. to. @ a r i — ‘ . F 
able in Mt ) | ev ‘ 
QUALITY CONTROL of work in process. 293. veniently located stock points. Send terat ‘ Tce} 
MAINTENANCE INSPECTION to detect be: 2 game > yore teimaaiaaas 348. Lend Testing sas q 
fatigue fractures. MEASURE PHYSICAL Teek 331. Heat Treating id ce SR-4 i nee 
lab period heet y < t 
DIMENSIONS. Rely on the ultrasonic 2904. t har fen ng. a g i yur x ‘ ‘ , ties betwee 
Reflectoscope to provide accurate inspec- + - _—- te 2 ee olin 
tion—instantaneously at low cost. Reflect- alll 332. r™ at Tre ating 5 : 
oscopes are available for sale, for rent 4 S B Het 0 96 elle how Ni agar ; ero heat ex 349. L aad Te -sting | 
or lease a f t - . M M 
i 295. - and 5 t r 1 pi . 0-30.000. 060-6000, 0-600 M mM 
| WRITE FOR THIS Kal 4 eS ‘ 0 15.000. 06-3000. 0 300 , I 
; BULLETIN TODAY! _— ing Hes at Tres ating Carriers 
i LEARN HOW TO . sod standard g 
¥ . ‘ will n d eA oart . ow hone 
i IMPROVE QUALITY ° 296. ~ mB es nea Prcmgpane goon tor oli * il 
peter Me mn wte . “po through | enching to finishing i if es - from countries ou 
‘ ‘PI pos 
tims 334 He at T re ating ae Gees © tage stamps m 
c 297 lletin 820 ¢ t 
. ais plete spec 
I , si un tank r ‘ A ~ t 
SPERRY . lus Saching aquaguacel, Americas Ges Parncet | 
i esiemy 
Products, Inc. 298 335. Hea at Tre eating Fe urnaces 
DANBURY, CONNECTICUT | ng oped pe wk a ey 
gles W estinghe e Electri r 
Please send me the following: + 336, r T P 
pect 336. eat reating Pots 
(1) REFLECTOSCOPE BULLETIN 50-105 on ; T-205 lists 118 patterns a 
(1) NAME OF NEAREST REPRESENTATIVE a a x peep Lwedhreredp sepa: 
NAME 299 } econot “f sy 
- . con i r0-A " 
TITLE mp 337. High Speed Steel 
COMPANY - teghh ype ng BF ng mh aw BUSINESS REP 
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CO. ADDRESS 300) booklet enti ed M : bdenum High Speed Stee No Postage Stamp Necessary If Maile 
city ZONE _STATE eal Se er ee 
> 338. imme rsion Benting 4c POSTAGE WILL B 
” Si ulletin give ete de r 
new immersion pot save time and = money 
H | 301. melting soft metals. High thermal effici 
SPERRY ALSO MANUFACTURES Bulle a ca Se See See eee, ee METAL PRO 
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0-p 


350. Low-Melting Alloy 


nd die setting Pr 








Cerro dePa Cor 
351. Magnesium Die Castings 
Revealing book, “How Magne m Pays’. gives 
e studic 1e economical use magnesiu 
le fr ae { product De Chemical ( 
352. Melting, Induction 
8-pag trated article describe = 
Iting in improved technique for rotor 
i fiax E-ngineerine Corp 
353. Metal Analysis 
I let 220-F describe mpletely new 
thoede, Dyna-Cath, that provides economica 
! teel Fhert h Core 
354. Metal Cleaning 
I : t m new cleaning process that € 
eaners, based petroleum and add 
t 230 This two-phase bath provide 
ng ; tion with a thin d 
Chemical ( 
355. Metal Cleaning 
New 44-page booklet, “Some Good Things t 
t Metal Cleaning fic i 
csr t. BA ' 
at-tr m4 ging lling 
g. ex i 1 ng. grinding 
g.t g 1 de t pect 
net 1 1 
Y Pr u Ty 
356. Metal Coating 
t tin entitled H T Obtai \ Grade ! 
I o Stee fur ! fetails ' a 
" g@ re it ( ' Spe 
IAN-C.490 imerican Chemical Paint ¢ Pat. Applied for 
357. Metal Finishing 
N eck list available on sixt du 
ng. including a new acid 
So chakeiaes Gk elaine aaemh Ont 
rlete nhibitor and a new rust 
d. Enthone 


358. Metal-Forming 
Lubrication 


Sic one eaten cms AUTOMATIC HEAT TREATING UNIT 


er ~ to 5000 °F Acheson Colloids Cor 
Metal Hydrides 
Ider on Various hydride 


nds it 


ete eee |e 


2 Zone Control...ideally Suited for 


tot tates se ¥ BRIGHT CARBURIZING and 
semua ho alts ter omemaanent mf BRIGHT CARBONITRIDING 


























: : @ To meet the demand for a larger capacity furnace our standard 
yy T-250 with all its features, has an additional heating chamber, 
(Sec. 34.9 P.L. &R.) boosting the capacity to over 600 Ibs. per hour. Individual con- 
Cleveland, Obie trol of each heating zone gives a wide flexibility. Typical use of 
these units is for DEEP CASE carburizing. Heating in first zone at 
1750° F. and lowering to 1575° F. in the second zone for quench- 
EPLY CARD — ing. Work is automatically loaded, transferred and quenched. 
Mailed In the United States eet 
5 mes 
L BE PAID By— — Write for IPSENLAB periodic sheets showing actual case histories 
a heel 
ROGRESS == 
= IPSEN INDUSTRIES, INC. 
101 Euclid Avenue ieee MAIN STREET - ROCKFORD ILLINOIS 
CLEVELAND 3, OHIO — 












controlled or not... 


gives you 


more parts 
per pound 


CMP’s high-precision mills 
insure exceptionally-close thick- 
ness tolerances and across-the- 
width gauge uniformity in 
THINSTEEL. 

With oversize variation kept to 
the minimum you are assured 
more footage —as much as 175 
square feet per ton in lighter 
gauges—from the steel you buy. 


Both were ordered 
7/16” x .015”. Both 
weigh 1/4 ounce. 





The tagged piece is precision 
THINSTEEL and is over 8%” 
long. The other is ordinary 
strip on the high side of the 
allowable gauge tolerance — 
.002” oversize—and is about 
7%" long. 


THINK OF THE 
SAVING IN A TON 


Cold Metal Products co. 


YOUNGSTOWN |, OHIO 


New York © Chicago © Indionopolis © Detroit © St. Lovis ® Los Angeles * Cleveland 


LOW CARBON, HIGH CARBON (Annealed or Tempered) STAINLESS AND 
ALLOY GRADES, ELECTRO ZINC COATED ARE AVAILABLE FROM: 


THE COLD METAL PRODUCTS CO. of CALIFORNIA, 6600 McKinley Avenue, Los Angeles 
one: Pleasent 3-129! 
THE a a ~ CO., 750 Boulevard, Kenilworth, New Jersey 
, COrtland 7-2427; WN. J., UNionville 2-6900 
PRECISION STEEL WAREHOUSE, INC., 4425 W. Kinzie, Chicago « Phone: COlumbus !.2700 





What’s New 


IN MANUFA 





360. Metalworking Data File 


Fingertip reference mtains engineering 
m about equipment and processes usec 
stampings, heavy we ek iments and pressed 
steel shapes Chas. T Brand Ine 






361. Mic wegraphic Equipme nt 
Six pane bulletin on a univer 
ype giving plate magnificati 
Full details on optics and 
Opplem Cx 


sal camera n 
ym 4 te 3000 x 
ries included 








362. Microscopes 
Well-illustrated 22-page bo 
ing ball be 





enable the operat of anipulate 


more easil Bausch & Lomb Opti 


363. Midget Die Casting 
Mac hine 








chine Ce 


364. Nickel Silver 


Paper d 
foundry pro« 
ngs from nic 


‘ Bike 
365. Oil Quenching 
Catalog V-1146 gives detailed information 


self-contained oil coolers, together with easy selex 
tion tables Bell & Gossett Ce 





366. Organic Solvents 

64-page handbook packed with informat 
including hundreds t definitions Parisor 
tables, testing methods and product de scriptions 
on a wide variety of organic solvents in mr 
use. Pocket-size for easy reference Solren 
C hemicals Group 


367. Photomicrography 
Full information furnished on Aristopt 
with Ortholux research nm 





pertect team for eas inexpen C phot microg 
raphy and photomacrograph FE. Letts, Ine 





369. Plating Generators 
Catalog MP-700 describes M-G set for electr 
plating anodizing. electrocleaning w electro 


polishing in either large or small-scale operatior 
Columina Electric ¢ 


© If mailed from countries outside 
amount ef postage stamps must b 
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be eae oo 
1 
313 336 359 382 P must be 
Students 











381. Rust Preventive 


New “How"™ book shows how slushing and 
degreasing problems can be eliminated by Vapor 
Wrapper method of packaging machines and part 
Nox-Rust Chemical Corp 


UFACTURERS’® LITERATURE S82. Salt Baths | 

alus e ca vormatior ‘ 
heat treatment and molten salt bath 
E. 1, duPont de Nemours & C« 


383. Soaking Pit 
370. Polishing and Buffing ee a ee Ween Sane oe tht 


onstruction and performance of new soak 













































1 Bulletin entitled “Acme Straightline Automatic which will reduce fuel c« imption by 40% A he 
d Polishing and Buffing Machines" illustrates and almost doubling amount of steel heated. Loftu 
d describes a machine for every type of polishing Engineering Corp 
and buffing job. Acme Mfg. Ce - : 
- “ 384. Solder 
371. Pyrometer 96-page educations! brochure on the properti 
Catalog No. 165 describes improved Pyro sur and applications of solder. Profusely illustrated 
ace_pyrometer. Eight instrume in one, it with a resume of technical data and solder specif 
d handles all surface and sub-surface temperature cati of ASTM, SAE. Federal and Milita 
measuring jobs. Pyrometer Instrument Ce agencies American Smelting & Refining ( 
379 > te » . : 
372. | dn raentaancel 385. Specimen Mount Press 
ic New. general-purpose w-temperature model New bulletin describing AB Speed Press, Fea 
mo portable pyrometer now available as Type LT-840 tures include use of preheated premolds, rapid 
”~ yee 4 C » coo 4 libration Claud closing and universal application for thermosetting 
‘ sees wt or thermoplastic materials in 3 sizes. Buehler I 
" 373. q _ A : 
a a aa 386. Spring Wire 
nents of Ajax oth heat treat r Lp - pony Sha ecg = and 
nartempering. aulstempering and other interrupted ered. spring wire to help solve coiling, knotting 
juenching operations, senc r bulletin 120 oo -e. ~ 3 wisting operation proble 
K Ajax Electric Co argh Stet Co 
| "= wa _ . 
| 374. Que ne hing Oil 387. Steel, Brake Die 
ir n F& describes triple-action For full information on top quality brake are 
provide deeper hard steel, engineered to machine easily and give 2 
= mn Park Chemical Co service, write for folder 560. Bethlehem Steel ( 
375. Quench-Oil Cooler 388. Steels, Low Alloy 
- 10-page bi Neti in te lis how cooling and circula- You can have one-third more production throug 
oes tior sench oils assures cor the use of Hi-Steel, which has nearly twice t 
. b wous Operation, ir icing working strength of ordinary els plus tt 
‘ il } and fire hazards whe ior to stand up under impact loads Send for booklet 
apacity and dimension data 7 : Inland Steel Co 
y= “ae . 
376. Reclaiming Process 389. Steels, Low-Alloy 
Bulletin 330-D furnishes ymmplete data on Well-illustrated, 8-page folder on N-A-X low 
Engelhard Reclaiming Process, showing how on alloy steels lists physical properties and test 
one 30” long platinum thermocouple it saved 5 pecifications. Great Lakes Steel Corp 
mpared with cost of new unit Chas. Engel 7 " ‘s 
hard, In 390. Steels, Stainless 
' a7 : Weekly lists nalyses of all plates in sto 7 
on 377. Recording Meters will pm —— bem so infort od o ‘ atest dat ‘ 7 KE. LY, CE 
" w 28-page bulletin E-1111 describes Series G. O. Carleen, fas eee 
, recording Itmeters and ammeters wit! 








newly-developed moving-iron 391, Stud Welding Manual 


nT data on ranges 


pee pee ben ne DP nga tec oy snananen a si New 32-page pockei-size Stud Welding Operating 

. or ” Bri : “Co. p ang Manual available with step-by-step photog ’ 

on “ ; ships explanation of actual tud welding proce 
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ort Refractories for Heat 392. Testing 


gives recommendations for 


oa be ge Fo aces. Carborundum Ce New 30-page catalog or power universal => 
ea testing machines and accesso’ includes illustra | 
379. Re frac tery tions and details of constri and specificatior A IONA 
he Form 1409 descrit the new Nort ised \lso information on special! tools for different test TR ACE- mann 















n St lized Zirconia ide al refractory for furnace American Machine & Metals, In 
ia 1 son l elting, th 1 insulation, Batt 204 r . ° 
t for firing Titanates and electric heater element 393. Testing Machine ww 
Nor ‘ Bulletin 40 contains full « il n the new (700 INSERT? 
‘ - low-cost Super “I testing r ne with Select N 
380. Refractory Mixes Range indicating system. Tinius Olsen Testin L + 
f Well-illustrated 16-page bulletin No. 315 pro Machine Co 
ro. ides important data or woperties and < Nice © +." . 
gt . Romi 2 eee Reng se sn 394. Tool and Lab Furnace 





ns tior Y illimanite Super-Refractory 
xes ar ae patches svlor Sons ( New literature on hardening and tempering 
furnace designed to give automatic control of the 
entire temperature range fror wo t 2200 °I 
K. H. Huppert Co 


tside the United States, proper 395. Tool Steel 
ast be affixed for returning card New booklet, “How to Get Better Tool and 


Die Performance furnishes, full descriptior 
the matched set method for 
tool steel for trouble-free pr 


Steel Co — ; WRITE TO NATIONAL CARBON 
396. Tubes. Bars. Steel COMPANY FOR INFORMATION. 
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New stock list now available on 52100 tubing and 
bars as well as ring forgings. Peterson Sice In 
207 on : os oe 
li ircled he left 397. I ubing The term “Notional” is a registered trade-mark 
literature circled at the left sent to me. For full information on analyses available, pr of Union Carbide and Carbon Corporation 
duction limits, commercial tolerance ter 


Senentes, , ae NATIONAL CARBON COMPANY 


designations and product 
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Title - ; for bulletin 3 A Division of Union Carbide and Carbon Corporation 
uperior Tube Ce 30 East 42nd Street, New York 17, M. Y. 
398. Vapor Degreasing District Sales Offices: Atlanta, Chicago, Dallas, 
ramet let on properties and use of tr Kansas City, New York, Pittsburgh, San Francisco 
ethylene as a s ‘nt for vapor degreasing of et 
parts Niagara Alkali Cc “ IN CANADA: Nationa! Corbon Limited 


« Montreal, Toronto, Winnipeg 
lanutectured 399. Wear-Resistant Castings 
New descriptive folder gives interesting facts or 
Colmonoy hard facing alloys, developed to combat 
different types of wear: abrasior t 
— . : et Made in various forms t 
of application. Wall Colmono 


tate 100. Welding, Oxy-Acetylene MOLD PLUGS + TANK HEATERS 


16-page illustrated booklet traces the history 
oxy-acetylene flame and explains how industry i 
ising it today in cutting, welding, and heating 
»perations Many specialized s briefly de SEPTEMBE O51- PAGE 
ust be mailed prior to December . 1951— scribed. such as hard-facing, flame-softening. flame SEPTEMBER 1951 , PAGE 33 
hardening, powder-cutting and steel-condit : 
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j 381. Rust Preventive 
New “How” book shows h 
degreasing problems can be elir 


Wrapper method of packaging 
Nox-Rust Chemical Cor 


IN MANUFACTURERS’ LITERATURE "Taken teen oe 


heat treatment 











360. Metalworking Data File 370. Polishing and Buffing 
Fingertip reference file contains engineering Bulletin entitled “Acme Strz alates Automatic 

information about equipment and processes used Polishing and Buffing Mach trates 

tor metal stampings, heavy weldments and pressed describes a machine for every { polishing 
| 


steel shapes. Chas. T. Brandt, Inc and buffing job fome Mf 


‘ . rl a7 334. 5S P 
361. Micrographic Equipment 37 1. Pyrometer me. jolde 4 11 
Six-page bulletin on a universal camera micr atalog No. 165 describes improved and af plicati t Ide P 
scope giving plate magnifications from 4 to 3000 x face pyrometer Eight instruments in one t with a resume technical dat 
Full details on optics and accessories included handles all surface and sub-surface temperature atior f ASTM. SAI Fede 
Ipplem Ce measuring jobs Pyrometer Instrument Co agencie American Smeltin Ref 
362. Microscopes 372. Pyrometer 385. 
Well-illustrated 22-page booklet on Dynopti New, general-purpose, low-temperature model 
Labroscopes, featuring ball bearings oe en portable pyrometer now a lable as Type LT-840 
throughout the focusing system ‘ll as low Xactemp in a choice of four calibrations. Claud 
position fine adjustment with low controls that S. Gordon Co 


the operator to manipulate other controls 373 Que ne hing 


easily Bausch & Lomb Optical C« 
full information the newest develop 
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Machine juenching operations, send for bulletin 120 
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‘ “o- . . q vd : 4 
or vertical center chet modcls und caratic i pre, 244 Quenching Oil 387. Steel, Brake Die 
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zinc under high injection pressures Kux Ma quenchin y ‘ ors provide deeper a ee ae ee 
chine Ce ening . stortion. Park Chemical ¢ service, write for 


364. Nickel Silver 375. Que ne h- vil Cooler 388. Steels, Low Alloy 
Paper dealing with detailed description of proper , ae bullet n tells how cooling and chen ila me vu un ee e one-t! rd re prod 

foundry procedure for production of sound cast . ch Is 4 ur I ses and saves n e th is ad Hi-S eel C 

ings from nickel silver Also specification informa . s ¥ y n addi ion to redu g workin ength . 

tior R. Lavin & Sons, Inc ABE'S t ards Includes selectior t id up unde 


The Trane ¢ Inland i 
365. Oil Quenching Reclaiming Process Steels, Low-Alloy 
Catalog V-1146 gives detailed information on Bulletin 330-D ( , ~ 
If-contained oil coolers, together with easy selec- E 

tion tables Bell & Gossett Ce 


Specime n Mount Pre “SS 
New bulletin describing Al ‘ 


nformat 


furnishes omplete data , Ve istrated p 

ngelhard Reclaiming Proces showing how or l eels liat ob 

me 30°’ long platinur nocouple it saved 53% 

p . «@ ympared with cost of new unit. Chas. Engel- : 

366. Organic Solvents hard, Im 390 Stee Is, Stainless 
64-page handbook packed with information Q-7 ° Week! ate ental 

including hundreds of definitions, comparison 377. Recording Me ters ‘ I ul regular 

tables, testing methods and product de tions New 28-p age bulletin E-1111 describe Ties n, I 

on a wide variety of organic solvents in commotr 500 recor voltmeters t r wit 

use. Pocket-size for easy reference. Solvents & ial emphasis on newly-devel noving-i 391. “Stu ! We ‘ding Manual 

Chemicals Group sn ym plet 


New 32-pa 


Great I hes eel ( 


eva) . Ma 
367. Photomicrography jo each 
Full information furnished on Aristophot camera K S M Prod 
with Ortholux research microscope, providing the e F 
perfect team for easy, inexpensive photomicr 0 ment bo mele (moe ‘ 392. Testing 
raphy and photomacrography E. Leitz, Inc en 6. a. Bp r _ —— 4 a New 28-sene ¢ 
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‘ = testing 1 
: Plating Barrels 379. Re es tory ions an 
folder illustrates and describes t Form 1409 des« 
Plating ct wht designed to handle any 
barrel plating problem quickly and easily with a 
nique contact arrangement f maximum current 


listribution Janiels Plating Barrel & Supply ¢ 


369. Plating Generators Refractory Mixes 1% 

Catalog MP-700 describes M-G set for electre llustrated 16-page bulletin > S mo Va. hine ( 

ating anodizing. electrocleaning w electro r oO »p . Tv . 
Saeeiieet taabher tems oF sumibanaie enetmbiene ren ad m- a dickens aeneaiinn 394. Tool and Lab Furnace 
Columia Electri ce ixe t 1 ha i ( 1 New liter re n fe i « 
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K. H. Huppert 


© if mailed from countries outside the United States, proper 395. Tool Steel 
amount of postage stamps must be affixed for returning card New booklet. “How 
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New stox tr ) S2100¢t 
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"NO MORE STOOL 
STICKERS... SINCE 


WE STARTED USING 
NATIONAL GRAPHITE 
\ STOOL INSERTS!” 


sii, §6WRITE TO NATIONAL CARBON 


COMPANY FOR INFORMATION. 


The term “Nationol” is a registered trade-mark 
of Union Carbide and Carbon Corporation 


NATIONAL CARBON COMPANY 
A Division of Union Carbide and Carbon Corporation 
30 East 42nd Street, New York 17,H. Y. 
District Sales Offices: Adanta, Chicago, Dallas, 
Kansas City, New York, Pittsburgh, San Francisco 


IN CANADA : Nationa! Corbon Limited 
Montreal, Toronto, Winnipeg 


Other NATIONAL CARBON products 3 


BLAST FURNACE LININGS - BRICK - CINDER NOTCH LINERS + CINDER NOTCH PLUGS + SKIMMER 
BLOCKS + SPLASH PLATES + RUNOUT TROUGH LINERS + MOLD PLUGS + TANK HEATERS 
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for precision forming 


» Pittsburgh Oil Tempe 


Your precision forming and coiling opera 


tions will be easier, more economical, with 
Pittsburgh Oil Tempered Spring Wire be- 
cause it has the uniformity to give you 


trouble-free performance day after day 
Severe bends are Casy — it withstands high 


stresses and resists wear and abrasion. 


Each coil of Pittsburgh Oil Tempered 
Spring Wire has uniform qualities of tough 


The Steel Industry Needs Scrap 


and coiling 


red Spring Wire 


ness, tensile strength, reduction of area, and 
hardness plus superior straightness that will 
give you ease of operation and excellent 


finished products 


Pittsburgh Oil Tempered Spring Wire is 
furnished in a complete range of sizes from 
062” through .500” diameter. For informa- 
tion write department MP, Pittsburgh Steel 
Company, Pittsburgh 30, Pa 


Keep it Moving 


Pittsburgh Wire 





a product of Pittsburgh Steel Company 





-consacon SLAMINA... 


© Conditioned Cooling System Tough... rugged... with the stamina of champions! 
© Built-In Checklite System Lindberg Induction Heating Units, like the six-day bike 
© Oversized Components racers of old, grind away at their jobs—24 hours a 
© Filament Voltage Regulation day, day after day... and still have a strong reserve 


© Industrial Type Tubes for those vital sprint finishes that occur in metal 
working as in sports. 


Yes ... Lindberg Induction Heating Units are 
built for heavy production line service— 
Filament Voltage regulation assures maxi far beyond the usual capabilities of 
mum tube life—voltage regulators main- induction heating equipment. Investigate 
the Lindberg Induction Heating Units. 
You will profit from their rugged 
ability to deliver 24 hour a day 


operation. Ask for Bulletin 1440. 


LINDBERG P HIGH FREQUENCY DIVISION 


Lindberg Engineering Company, 2448 W. Hubbard Street, Chicago 12, Illinois 


tain filament voltage at proper values 
regardless of line voltage fluctuations — 
thus, tubes operate under ideal conditions 
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New Development in Salt Baths 


Eliminates scale and decarburization on steels 
in neutral salt baths operating up to 2300° F. 


|g grapes hardening in molten salt baths should mean 
just what it says. No scale or decarburization is pres- 
ent in a properly rectified neutral salt, regardless of tem- 
peratures used. This is possible at 1500°F. and up to 
2300°F. A recent development by one of the leading salt 
bath suppliers makes this possible for the first time with- 
out the manual addition of solid deoxidizers. The Neutra- 
Gas Process (U. S. Patent No. 2474680) is simple, effective, 
and inexpensive. Merely bubble an inexpensive commercial 
gas through the molten bath for recommended periods. 
Neutrality is easily checked chemically or physically. The 
Neutra-Gas Process is operating at the present time in 
molten baths weighing less than 100 pounds and those 
holding several tons of salt 


A truly neutral salt is the ideal medium for heating all 
steels with no surface effect. There is no atmosphere, and 
air is excluded while the work is heating. Scaling and de- 
carburization are prevented. A thin film of salt protects 
parts right up to the quench. With neutral salts operating 
at 1500°-1600°F., Neutra-Gas is used for just a few minutes 
per shift. Sludging is practically eliminated; economies re- 
sult because sludging removes good usable salt. The bath 
remains very fluid allowing rapid and uniform heating with 
less distortion. Be obtain all the advantages of salt bath 
hardening, use salt baths for both heating and quenching 
The improved fluidity of the Neutra-Gas controlled neutral 
salt assists materially in isothermal quenching salt oper- 
ations. 


Neutral Salts from 850 — 1850 


Various salt mixtures provide a wide range of usefulness in 
the heat treatment of steel. The Neutra-Gas is used with 
chloride mixtures only. The most popular type is Park Nu- 
Sal Neutral Salt. Its melting point is 1230°F. with a range 
of 1300°-1600°F. Most steel hardening temperatures fall 
within this range. Nu-Sal is widely used as the austenizing 
bath for isothermal treatments such as austempering and 
martempering. 


Cycle annealing involves a wider range of temperatures. 
Park K-3 Neutral Salt melts at 1020°F. and is usable past 
1700°; periodic use up to 1850° is permitted if proper rec- 
tification is made with Neutra-Gas. 


Low melting salts are available for special purposes. 
Park’s +800 Neutral Salt (melting point 850°F.) and Park 


(X 500) Microphotograph of the edge structure on SAE 1095 
steel treated for 60 minutes at 1450°F. in a commercial installa- 
tion of Park Nu-Sal kept neutral with the Neutra-Gas process 
(Sample quenched in caustic solution and tempered in No. 800 
Neutral Salt at 1200°F.) 
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#900 Salt (melting point 920°) are used for tempering, 
high speed steel quenching, and have a range up to 1700°F. 

Baths operating consistently at 1700° to 1900°F. usually 
operate with less fuming and volatilization if their melting 
points and top operating temperatures are slightly higher. 
Park K-17, with a range up to 1900°F., also has a reason- 
ably low melting point of 1175°F. Economy is indicated 
here as the temperature of an idle furnace may be kept at 
1250°-1300° with very low power costs. 


No Decarb on Moly High Speed Steels 


Wider use of molybdenum high speed tool steels has vir- 
tually made the use of salt baths mandatory. During the 
last War it was salt baths which made possible the adoption 
of the molybdenum high speed steels in place of the very 
critical tungsten types. 

As in most instances, the increased use of a method leads 
to rapid improvements. The improved rectification of high 
heat salt baths operating from 2200°-2300°F. is a develop- 
ment of the Park Chemical Company laboratories. The 
Neutra-Gas Process was adapted to the higher temperature 
applications in order to reduce the oxides of the chloride 
salts. Metallic oxides are reduced by graphite rods immersed 
in the salt. Costly and laborious sludging has been nearly 


X500—( Reduced in Printing) Edge structure of high speed 
steel after several hours in a Park No. 175 Hi-Heat salt bath 


eliminated and electrode life increased. Size loss of tools is 
held to a minimum. It is possible to harden unground or 
finished tools. Scaling, decarb, oxidation, pitting and other 
surface defects are automatically avoided. Distortion is 
negligible. Immersion in salt seals out all atmosphere. Salt 
film protects work right through the quench. For pieces 
large or small, temperature is even and constant. 

Process detail is preheat at 1550°F. in Park No. 117 Pre- 
heat Salt, high heat at 2200°-2350°F. in Park High Heat 
No. 175-S with Neutra-Gas. Quench in either No. 900 Neu- 
tral Salt, or in No. 100 Quench Salt which contains a small 
amount of cyanide. Tempering in salt completes the cycle, 
free from any deleterious effect caused by contact with 
the atmosphere. 

Park's salt baths, and the knowledge of how to make 
them do a better job for you, can effect economies in your 
heat treat department. Write, telling us in detail your appli- 
cation, and we will send you the technical bulletin that 
covers your particular operation. There is a Park field 
engineer to assist you, backed by a technical staff and 40 
years of Park Chemical Co. service to the heat treating in- 
dustry. Park Chemical Company, 8074 Military Ave., De- 
troit 4, Michigan. 




















nng box of 1/8°' Nichrome sheet 


ed to tray of cast Chromax. Capacity of 
x 4cu. ft. Area of tray’ 4 Sq. ft. Loaduy 
100 pounds per sq. ft. Note square design of tray 
permitting it to be turned 90° to maintain dime 
type furnace 


One of many Holcroft malleablizing furnaces 
in which the above type of equipment is used 


How Live Load Ratio was improved 250% 


A large midwestern implement foundry has proved that 
use of trays and boxes made of Driver-Harris alloys, for mal- 
leable annealing of small parts, results in outstanding savings 
in deadweight and better heat transfer. Production has been 
stepped up considerably by increasing live load and shortening 
the heat-treating cycle. 

Hard cast iron boxes, formerly used in tunnel kilns, 
weighed 650 pounds each, and carried a maximum work load 
of 330 pounds—giving a load ratio of approximately 0.5 to 1. 

Boxes in service today are fabricated from Y¥g” Nichrome* 
sheet. These are pinned to specially designed trays of cast 
Chromax* (see illustration). Box load is 400 pounds. Total 
weight of a box and tray is 180 pounds. Thus load ratio is 
400 to 180, or approximately 21/4 to 1. 

Such a remarkable improvement in the ratio of live load 
to deadweight of containers (almost 250%) has, of course, re- 
sulted in proportionate improvement in efficiency—or fuel 
saving. 


To date, these boxes and trays have given 36 months of 
service in a continuous malleablizing furnace. During this 
period, they have made 480 trips through the furnace—repre- 
senting 480 heat and cool cycles. They have been in the furnace 
22,640 hours, about 86% of the total elapsed time, under tem- 
peratures up to 1725°F. Each box has annealed 90 tons of work 


Neither boxes nor trays are showing any permanent dis- 
tortion or embrittlement. In fact, they are performing as well 
today as when first put into service, and are proving con- 
clusively that malleable annealing can be a clean, labor-saving, 
fuel-saving operation. 


Here is but another example of how Driver-Harris alloys 
are being applied to great advantage in the heat-treating field. 
Why not consult with us for a solution to your heat-treating 
equipment and furnace part problems? Although the demand 
for D-H products in the present emergency is engaging the re- 
sources of this firm to an unprecedented extent, we shall be glad 
to serve you to the best of our ability. 


Nichrome and Chromox ore manufactured only by 


Driver-Harris Company 


HARRISON, NEW JERSEY 


*T. M. Reg. U.S. Pot. Off 


BRANCHES: Chicago, Detroit, Cleveland, Los Angeles, Son Francisco 
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HELPS HARNESS THE “CYCLONE” 


@ Each new Wright 18-compound “Turbo-Cyclone” aircraft 


engine puts 3250 horsepower roaring into action. Helping 
convert that tremendous power into flashing aircraft per- 
formance is this turbine shaft, precisely machined from 


ENDURO Stainless Steel. 

ENDURO serves the aircraft power plant designer and producer 
well. Free-machining ENDURO bars—both hot rolled and cold 
drawn—economically pair exceptional resistance to heat, 
abrasion and corrosion with great strength and durability. 
ENDURO responds readily to forging. As this shaft indicates, 


it is readily machinable. Two ENDURO grades, for example, 
as machinable as Bessemer screw stock. In 


are fully 90°% 
cold finished bar form, ENDURO provides close tolerances, 
accuracy of section, uniform soundness, and fine surface finish. 
Need help in harnessing too-high machining costs in your 
own stainless steel parts? The combination of free-machining 
ENDURO and competent Republic metallurgical help has held 
costs down for many a manufacturer. Write: 

OHIO 


Export Department: Chrysler Building, New York 17,N. Y. 


¢ HIDURO 
FREE-MACHINING | 
SHMSNESS STEEL 


Alloy Steel Division « Massillon, Ohio 
CLEVELAND 1, 





~a 
Other Republic Products include Carbon and Alloy Steels —Pipe, Sheets, Strip, Plates, Bars, Wire, Pig Iron, Bolts and Nuts, Tubing 
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“Tool life on Inconel rivets up 35%¢ \ 
with Guilt Electro Cutting Oil” 


“Because we specialize in tough machining jobs, we 
know that there's a big difference in cutting oils,” says 
this General Manager. “On Inconel aircraft rivets, for 
example, we get much better results with Gulf Electro 
Cutting Oil. Production is up 35%, and tool life is ex- 
cellent: 
Form & cut-off tools—500-600 pieces per grind 
Carboloy box tools—800 pieces per grind 
Center spotting tool—500-600 pieces per grind 
Here’s the important reason why Gulf Electro Cutting 
Oil delivers such outstanding performance. Thanks to a 


. 

















PETROLEUM AND ITS PRODUCTS } 





) 

} 
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ne! eae aes tall | 
lA 

- 
SAYS THIS 
GENERAL MANAGER 


Ly 


od 


special Gulf process of combining sulphur, it provides 
greater sulphur activity over the entire range of a cut- 
ting operation. This intensified chemical action means 
better protection for the tool at elevated production 
rates—helps reduce built-up edge, prevents chip weld- 
ing, prolongs tool life. 

Operators like it because they get these production 
advantages without the disagreeable odor ordinarily 
associated with sulphurized cutting oils. 

Call in a Gulf Lubrication Engineer today and arrange 
to use this outstanding oil in your shop, or send the cou- 
pon below for additional information. 


Gulf Oil Corporation - Gulf Refining Company 
719 Gulf Building, Pittsburgh 30, Pa 
Piease send me, without obligation, a copy of your pamphlet 
Gulf Electro Cutting Oil 


Name 
Company 
Title 


Address 
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Inter-cell 
yonnector 
a 


cover 


Positive 
strap 


Positive 
plate 


Vitrex 
retainer 


Container 


Post 
Negative 
strap 


Partition 


Separator One cell of a 3-cell 6-volt automobile 
- battery cut away to show construction. 


Negative 


this electrochemical reaction 
accounts for the largest use of lead! 


The operation of the modern storage battery is based 
on a familiar electrochemical principle first applied in 
1800 by Volta: Two unlike metals, or unlike forms of 
the same metal, separated by a porous non-conductive 
material will, when immersed in an electrolyte, cause an 
electric current to pass through an external connecting 
circuit. 

The plates of the storage battery are dissimilar forms 
of lead; the electrolyte is dilute sulfuric acid. The chemi- 
cal reactions taking place in a storage battery are shown 
in the diagram at right, and are also expressed as an 
equation in this advertisement’s heading. Reading from 
left to right, the equation shows the reactions involved 
in discharge. Passing an electric current through the 
battery in a direction opposite to that of discharge 
reverses the action. Read from right to left, the equa- 
tion thus shows the reactions involved in charging. 

Electrical energy in the battery is produced as a result 
of changing one atom of metallic lead and one molecule 
of lead peroxide into two molecules of lead sulfate. The 
metallic lead loses two electrons which convert the lead 
peroxide to lead sulfate. It is the transfer of these elec- 
trons in the circuit which causes the flow of current. 
The manufacture of battery plates has, for many years, 
consumed about one-third of all the lead used in the 
United States. The choice of materials for the storage 
battery’s major elements was based on the following 
premises: The chemical reaction ir volved had to be a 
reversible one so that the battery could be recharged. 
The materials had to be abundant in nature, available 
for use in large volume; they had to be resistant to at- 
tack by the electrolyte and so related to each other in 
the electrochemical series as to present the greatest 
potential (voltage) difference. 

Lead meets all these exacting requirements excellently. 
Of the common metals, it has the highest resistance to 


ST. JOSEPH LE AD co. 


250 PARK AVENUE, NEW YORK 17, N. Y. 


THE LARGEST PRODUCER OF LEAD IN THE UNITED STATES 
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sulfuric acid. It is relatively abundant in nature and 
moderate in cost. It is one element which occurs in two 
chemical valences and thus provides a relatively high 
potential difference (2-volts). Last, but not least, around 
85% of the close to 300,000 tons of lead used annually 
in the manufacture of batteries is reclaimed within 2 or 
3 years and returned to the market. This use of lead is 
therefore recurrent and plays a key role in the conserva- 
tion of the nation’s mineral resources. 
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DISCHARGED CHARGING 


Diagram showing essential action in storage battery. 
Courtesy: The Electric Storage Battery Co 














The widespread use of N-A-X HIGH-TENSILE steel in 
transportation equipment emphasizes two vital 
characteristics of this high-strength low-alloy steel. 


1. Strength with less deadweight. N-A-X HIGH- 
TENSILE steel reduces deadweight .. . of great 
importance in transportation equipment and 
military vehicles. 


Exceptional durability. N-A-X HIGH-TENSILE 
steel, with its high strength and toughness, has 
proved greater resistance to fatigue and 
impact at normal and sub-zero temperatures. 
Its inherent structure and composition greatly 
reduce the effects of abrasion and corrosion. 


The response of N-A-X HIGH-TENSILE steel to severe 
cold-forming operations and its excellent weldability by 
electric are or resistance, atomic hydrogen or heliarc, and 
all other processes, are added important characteristics 
of N-A-X HIGH-TENSILE steel. 


The “Eager Beaver” 


The use of low-alloy, high- 
strength steels in military equip- 
ment assures longer life with 
less deadweight. 


NATIONAL STEEL wig) CORPORATION 
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WE SURVEY... A B & G representative, 
in consultation with your engineers, ex- 
amines your plant layout and determines 
what results are desired in your heat 
treating department. 


Quenching... | sesce resem 


in your plant, the B&G engineering staff 
designs a complete quench-oil system, 
tailored to your specific requirements. 


Expertly 


YOU RECEIVE... A complete recommen- 
dation as to size and type of equipment 


* 
n { needed is delivered to you promptly. The 
only remaining step is to install the 


equipment. 


| 

| 

| 

| The quenching stage of your heat-treating process is the point where 

all previous operations are brought to either a successful or unsatis- 

l factory conclusion. 

| At this point is determined the fina/ quality of your product . . . the 

| amount of time and material wasted by sub-standard rejects . . . and 

| your ultimate operating cost! 

| When you install a B & G Hydro-Flo Oil Quenching System you are 

| assured of uniform quality because identical conditions are maintained 

| through every moment of the quench period. Positive circulation and 

| proper turbulence of the oil maintains the desired temperagure in all 

| parts of the quench tank. 

: Write today for descriptive literature on B&G Hydro-Flo Quench 
Oil Coolers. 

| 

' 


BAG SERIES 1522 PUMP 
One unit of a complete line of centrif- 
ugal pumps—catalog on request. 


Hydre-Fia on quencnine systems 


BELL & GOSSETT COMPANY esheets — 
Reg. U.S. Pat. Of Dept. CE-16, Morton Grove, Ill. = re 
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All steelwork on this bridge was flame-primed before paint was 
applied. Today, after 9 years’ service, the original paint job 
still provides complete protection against corrosion. Present 


condition of surfaces is clearly shown by unretouched close-ups. 


Your Steelwork... 


How Will 


Steelwork you coat with 

good paint today can still 

look like new ten years from 

now, if you flame-prime all 

exposed surfaces first. And 

what you'll save on main- 

tenance, because of increased protection due to 
flame-priming, will more than pay for all the flame- 
priming apparatus and materials you need for the job. 
Flame-priming is simple to do, requires little 
equipment, and costs little. A brush of oxy-acety lene 
flames pops off seale and drives out moisture. Paint 


applied to the warm, dry surface goes on quickly 


It Look in 1960? 


and smoothly, bonds tightly, and lasts longer. 


Flame-priming is one of many time- and money- 
saving Linpe methods for making, cutting, joining, 
treating, and forming metals. So, whatever you do 
with metals, there is a good chance that LiInpEe 
know-how, show-how, and equipment can help you 
do it better, more quickly . or at lower cost. 

To find out, without obligation, telephone or write 
our nearest office today. Linpe Atm Propucts 
Company, a Division of Union Carbide and Carbon 
Corporation, 30 East 42nd Street. New York 17, 
N.Y. Offices in Other Principal Cities. In Canada: 


Dominion Oxygen Company, Limited. Toronto. 


hinde Products and Processes for MAKING, CUTTING, 
JOINING, TREATING, AND FORMING METALS 
Trade-Mork 


The term “Linde” is o registered trade-mark of Union Corbide and Corbon Corporation 
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High Vacuum 


helps this mechanical brain 


think clearly 





é HIS little nest rel t F ch evaluates incoming imy 
issues orders D2 rechanisn t [ >r 


lt ay be vital in a paper mill 

cessing plant, or an intercontinental | 

It took a great mat human ft 1 work out its intricate 
mechanism. But a fe ingus sf rifting in from a warm 
little dust, acid f iriations—any 
the ingenuity that conceit 
For security against these intruder relay manufacturer, C. P Clare and (¢ 
pany, turned to the service t 1 I Electro-Seal Corporation Des Plain 
Ilinois. Within a few minutes after Electro-Seal puts a DPi diffusior imp to W 
all traces of moisture and 99.999 per cent of the air have 











, a8 
1 assembl 


seale y ven a Consolidated Leak Detector 1s cont 


e ‘ ‘ ’ 
high vacuum a jet of helium ts played over the unit to check for leaks 
embodies another DPi high vacuum d i [ 
research 
+ + 4 Finally. Electr backfill ith 1 
and engineering inally, Electro-Seal backfills with j 


long, useful life and duties for ich an 


so small that a thimbleful of air yuld 


emonstrating again how ettectively DP puts 


y 
relatively new held, as we've been doing for years in the ele rm t ein stry 


Perhaps we can help you, too. To find out, write to Distillation Products Indus- 
tries, Vacuum Equipment Department, 753 Ridge Road West, Rochester N. Y 
(Division of Eastman Kodak Company 


Also...vitamins A and E... distilled monoglycerides ... more than 3400 Eastman Organic Chemicals for science and industry 








help HOOVER to cut die- 
casting costs by efficient 
melting and pumping of Aluminum 


= —— «S ocase HISTORY 4 - 


COMPANY: The Hoover Company, Kingston-Con- 
ley Division, Cambridge, Ohio, plant. 


PROBLEM: To conserve scarce copper supply by 
use of aluminum as a substitute. 


To cut die-casting costs in the manufacture of squir- 
rel-cage induction motor rotors with- 
out sacrificing performance character- 
istics. 


SOLUTION: Installation of the 
LOEWY-HYDROPRESS die-casting 
system, in which several sizes with 
various end ring designs are made in 
same die by simple change of inserts. 
AJAX INDUCTION FURNACE 
AND ELECTROMAGNETIC 
PUMP used to melt and pump high- 
purity aluminum. Low frequency in- 
duction principle with precise con- 
trols keeps metal at constant temper- 
ature. Automatic electromagnetic 
pump discharges exact amount 
needed to fill die, eliminating hand 
ladling. 
py ee BE RESULTS: Combined melting and die-casting set-up 
pump discharging metal . ~ 
FIG. 3 into cold chamber of die so excellent that the Hoover plant converted com- 
a aac pletely to aluminum die-cast type within 21/2 months. 





Fig. 2 shows AJAX melting furnace and electromag- 
nt 


netic pump installed ir of die-casting machine 


Pig. 3 shows Hoover squirrel-cage aluminum cast rotors 


AJAX cage NOUCION MELTING FURNACE 


TAMA-WYATT = °\ 





fs 


9 ~ . AJAX ELECTRO METALLURGICAL CORP. and Associated Companies 
AJAX ELECTROTHERMIC CORP... Aon: Normrup Her Freace at e 





2 


7) 
xe 


AJAX ELECTRIC CO., INC... Ihe Ajax Hultgren Liecie Set Bom § 


AJAX ELECTRIC FURNACE CORP. Avs Fpstt inducton fonaces lor Melung 
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KUX 


FIRST NAME IN DIE CASTING MACHINES 





MODEL HP-35 ILLUSTRATED 


Hydraulically operated die casting machine for pro- 
duction of aluminum castings. 








Pe 
Battery of KUX Die Casting Machines in operation in 
the ultra-modern Maytag factory at Newton, lowa 


—helps make 


first name in washers 


Since 1907, over 6 million Maytag Washers 
have been sold—far more than any other. 
The reason's clear; Maytag makes a wonder- 
ful washing machine . . . plus a full line of 
other home laundry equipment and famous 
Dutch Oven Ranges. It's logical that KUX, 
first name in die casting machines, should be 
used in the quality production of these 
superior products. 

The use of KUX die casting equipment can 
put YOUR PRODUCT cahead—or keep it 
ahead. Reduce your manufacturing costs— 
increase the saleability of your product, with 
quality die castings made on these rugged 
machines. 


Write for illustrated catalog showing com- 
plete line of KUX Die Casting Machines 


KUX MACHINE COMPANY 
3932 W. Harrison Street, Chicago 24 


FIRST NAME IN DIE CASTING MACHINES 
SELECTED BY FIRST NAMES IN INDUSTRY 
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AN SHEETS 


CLE 


You can make better products from clean, 
smooth, flat Chase Sheet Brass and Copper. 
Chase sheets are free from oxide coatings, excess 
grease and oil. That means they are uniform 

in color and have a bright finish. 


“DO” orders: We can make favorable mill 
deliveries on defense orders. In many cases our 
warehouses can ship from stock. Your “DO” 
inquiries are invited. 


Chase Pp: BRASS & COPPER 


WATERBURY 20, CONNECTICUT © SUBSIDIARY OF KENNECOTT COPPER CORPORATION 
« The Nation's Headquarters for Brass & Copper 


Kansas City. Mo. New York San Francisco : 
Los Angeles Philadeiphia Seattle CHASE 
M iwaukee Pittsburgh Waterbury 54 

. (1 sales 
Newark Rochester t > 
New Orieans St. Louis tice only) 
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The Inside Stor Y of Longer- Lasting 


Laboratory Electric Furnaces... 


... FEATURING NORTON ALUNDUM* REFRACTORIES 


Whether your laboratory furnaces are 
of the pot, muffle or tube variety, for 
chemical analysis, physical testing or 
metallurgical research, they will function 
more efficiently and last much longer 
when built with Norton Alundum cores, 
muffles or tubes. 


4 REASONS WHY 
1. Norton Alundum furnace 


parts are made from fused aluminum 
oxide that is 99°% AloOs. 


electric 


2. Such purity results in a high de gree of 
stability and chemical inertness that pre- 
vents reactions with either resistor ma- 
terials or platinum, nickel, and fused 
oxide crucibles and boats at high tem- 
peratures. 
3. Norton 
excellent thermal conductors, thus assur- 
ing small temperature gradient between 
the resistor and the furnace interior 

4. Norton Alundum refrac tory is a good 
electrical insulator up to relatively high 
tem peratures. One test on an Alundum 
tube shows a direct current resistance of 
7.5 x 107 ohms cm? at 600° C. This 
value did not fall off materially until a 
temperature in excess of 1600° C was 
reached, 


flundum furnace sha pes are 
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WHAT ABOUT SILICON CARBIDE? 

Norton Crystolon* refzactory muffles, 
made of bonded silicon carbide, have a 
thermal conductivity several times that 
of Alundum refractory. However, at 
high temperatures, Crystolon refractory 
not only is an electrical conductor but 
also reacts chemically with some re- 
sistors. For these reasons, its use is lim- 
ited to nickel chromium alloy resistor 
materials and to temperatures not ex- 
ceeding 1150° C. 

FOR THE WHOLE STORY about 
Norton Alundum refractories’ vital part 


in improving laboratory electric fur- 


naces, write for FORM 458, titled, “The 
Construction of Electric Furnaces for 
the Laboratory.” 

NORTON COMPANY 
326 New Bond St., Worcester 6, Mass 


NEW 24-PAGE 
BULLETIN tells you 
oll you need to know 
about building elec- 
tric furnaces for lab- 


oratory use. 


*Trade-Mark Reg. U.S. Pat. Off. and Foreign Countries 








WNORTON 





Canadian 
A. P 





TRAOE MARE REG. U.S, FAT. OFF. 


Making better products to make other products better 


Special REFRACTORIES 


Representative 
- GREEN FIRE BRICK CO., Ltd. 


TORONTO, ONTARIO 
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Continued high steel producti 
may depend on... 


~ 


. 

. a 
epee neat 
2! 


—— 


n this winter 


CLEANING OUT 





HOW TO TURN SCRAP INTO MONEY 
with an organized dormant scrap round-up 
in your plant: 


1. Appoint a top executive with authority to 
make decisions to head the salvage drive. 
2. Organize a Salvage Committee and in- 
clude a member from every department. 


Survey and resurvey your plant for untapped 
sources of dormant scrap. Encourage your 
employees to look for miscellaneous scrap 
and report it to the committee. 

Sell your entire organization on the need 
to scrap unusable material and equipment. 


Prepare a complete inventory of idle ma- 
terial and equipment. Tag everything not 
in use. 

6. Start it back to the steel mills by selling it 
to your regular scrap dealer. 


7. KEEP AT IT! 


*DORMANT SCRAP is any obsolete, broken or worn- 
out and irreparable machinery, tools, equipment, dies, 
jigs or fixtures, etc., that may encumber your premises. 
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> YOUR SCRAP 
THIS MONTH 


Despite ... and because of ... the continued high 
rate of steel production, the steel industry is on a 





hand-to-mouth basis in its receipts of purchased 
scrap ... essential to production! Mills that normally 
inventory a 60 day supply of scrap, are now main- 
taining high production with less than a week's sup- 
ply on hand. That the effect of winter on transport fa- 
cilities could quickly exhaust these dangerously meager 
scrap inventories and thus force a cut in steel pro 

Juction is obvious. Help assure an uninterrupted 
duel edt by rounding up and selling your Gor- 
mant scrap* to your regular scrap dealer this month! 


< > INLAND 


STEEL COMPANY 
38 South Dearborn Street ° Chicago 3, Illinois 





Titanium in Aircraft 


yy 

| HE UNITED STATES AIR FORCE became acutely 
aware of the dependence of large-scale aircraft 
production on a continuous supply of raw mate- 
rials in 1942 and 1943 when a shortage of alu- 
minum appeared imminent. The supply of 
South American bauxite had been reduced to a 
trickle. 
mented by the increased production and bene- 
ficiation of 


Fortunately, ore supply was supple- 


lower grade domestic ores, and 
castings, rolled, extruded and other forms were 
made available by the construction of new 
plants and 


products. The 


available 
possibility of even greater 


improved allocation of 
demands on this country’s mineral resources 
was envisaged, and immediately upon cessation 
of hostilities the Air Force sponsored a survey 
of the resources in continental North America. 
Its purpose was to investigate metals obtained 
from these minerals which might replace or 
augment those in short domestic supply. 

One of the metals which gave promise of 
meeting the requirements for a structural mate- 
rial for aircraft and engines was titanium. The 
principal ores, rutile and ilmenite, occur rather 
abundantly in accessible deposits near 
the St. Lawrence in Quebec; Canada’s 
total reserves of titanium metal are 
estimated at 105,000,000 tons. Virgi- 
York, Florida 
and North Carolina have proven ore 


nia, New Wyoming, 


deposits in that relative order of 
importance; estimated metal in these 
deposits amounts to 5,400,000 tons. 
The titanium metal reserves on the continent 
are, therefore, equal to more than 100 years’ 
supply at the maximum production rate for 
aluminum reached during the war. The mining 
and smelting of titanium-rich ores had been 
developed on a large scale for paint pigments. 
In fact, the production of titanium dioxide in 
1946 closely paralleled the maximum produc- 
tion of alumina before the war. Titanium could 
“nonstrategic” metal, 
when measured by the yardstick of the avail- 


thus be classified as a 


ability of domestic ores. 

Wilhelm Kroll and the staff of the U. S. 
Bureau of Mines had developed a process for the 
production of ductile titanium in 1940. Briefly, 
the method consists of the reduction of titanic 


By J. B. Johnson” sion (or 
and E. J. Hassell* 


Metallurgy Group 
Wright-Patterson A. F. Base 
Dayton, Ohio 


chloride to titanium sponge 
with an excess of magnesium 
in a helium atmosphere at 
about 1550°F. The excess 
magnesium is then dissolved 
in hydrochloric acid, and 
wrought products made from 
sintered compacts of the 
resulting titanium powder. The forging and roll- 
resistance, and 
mechanical properties were favorable. Battelle 
Memorial Institute, under a RAND contract of 
the United States Air Foree, also investigated 


ing characteristics, corrosion 


are-melting procedures for this powder and 
were successful in producing titanium and tita- 
nium alloy ingots. This process has been suc- 
cessfully commercial 


Several 


adapted = to production. 


well-organized firms are now in_ the 
titanium 


alloys made by various techniques is available 


business, and a limited amount of 
for test and small-scale use 

Strength-to-Weight Ratio An engineering 
material must have structural efficiency to give 
satisfactory service. The primary consideration 
is, generally, adequate mechanical properties, 
but in aircraft applications weight also controls 
efficiency and the strength-to-weight ratios are 
always referred to in any discussion concerning 
the comparative merits of different metals. 

For comparison, the strength properties of 
light aircraft structural sheet materials at sev- 
eral temperatures are listed in Tables la and Ib. 

The ratios, which are the 

uni-aXxial stresses in ten- 
compression) 
divided by unit weight, 
actually rate the materi- 
als when they are used in 
components subjected to 
tensile loads (or to block 
compression loads with- 
ut buckling). The relative magnitude of the 
tensile strength-weight ratios are displayed in 
Fig. 1 so the materials can be visually compared 
at each of the three temperatures, 

If the metals are evaluated as to ability to 
resist column buckling or plate buckling, the 
However, 


order may be somewhat different. 


there are many examples of aircraft compo- 
nents, such as wings, fuselages and control sur- 
faces, which have been fabricated from either 
Type 304 18-8), 
24S-T aluminum alloy, or AZ31X magnesium 


high-tensile stainless steel 


*Mr. Johnson is chief and Mr. Hassell is metal 
lurgist in the Metallurgy Group, Flight Research 
Laboratory, Wright Air Development 
Wright-Patterson Air Force Base. 


Center, 
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Table la — Strength of Aircraft Structural Metals at 70° F. 


First five lines from ANC-5a, “Strength of Metal Aircraft Elements”, 


1949 





DENSITY 
Meral d 
Ln./C 


Moputus 
IN. E 
10° Pst. 


ype 304 stainless steel 
(full hard) 

I'ype 347 stainless steel 
(annealed) 

Aluminum alloy 
24S-T4 (bare) 

Aluminum alloy 
75S8-T6 (bare) 

Magnesium alloy 
AZ31X 

ritanium metal 


(annealed) * 


0.286 26.0 


0.286 29. 


0.100 


10.5 
0.101 
0.0645 


0.163 

Fitanium alloy 
RC-1B0A 

Experimental titanium 
alloy 


0.163 16. 


0.163 16.0 





PROPERTIES IN TENSION 


YS 


COMPRESSION 


YIELD 
TS. 
10° Pst. 


ULTIMATE 
ye 
10 


YIELD 


C.Y.S. 
C. YS. : 


Psi 


647 190 


262 105 


680 510 


810 710 


600 $50 


80 70 490) 130) 


150 130 920 800 827 


190 170 1160 (1040 1040 








**Technical Information on Titanium 
Data from Rem-Cru Titanium Co. 


‘Research and Development on Titanium 


alloy to meet the same static and dynamic load 
requirements. On test, sup- 
ported equal loads and the weights were the 
When the 
ratios of modulus to density are approximately 
90 to 105, as in Table 1), the ratios of 
allowable to can be 


assumed to indicate an accurate rating for alter- 


these assemblies 


same, Within production tolerances. 


equal 


uni-aXial stress density 


nate materials when applied to complete assem- 


blies, even though the several details on parts in 


these assemblies be to 
combination of tension, compression, shear and 


buckling loads. 


may designed carry a 


This analysis would indicate 
of 100 in the ratio 
significant, since the 
fall the range 
temperature (Table 
over 100, however, is significant. 


that a 
T.S./d 
metals 
600 to 
difference 


Vvarla- 


tion less than 


is not 


too three 
ol 


noted 


above within 680 


at 
ol 
For example, 
24S8-T 
using 


room 


components 
with T.S./d = 680 have been 
758-T T.S./d = 810, and weight savings 
have accrued. The lower rating of commercially 
pure at temperature (T.S./d 
190) an alternate for the structural 
metals, 75S-T, 24S-T, Type 
AZ31X, is illustrated in Fig. 
The of commercial titanium 
with annealed Type 347 stainless steel (18-10, 
stabilized) is favorable, and most of the present 


originally fabricated from 


redesigned 
with 


titanium room 
as basic 


304 


stainless, and 


comparison 


applications of this grade of titanium have been 
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Metal”, Remington 


Alloys”, 


Arms Co., Ine. 


Battelle Memorial Institute 


made on a volume-for-volume substitution and, 


consequently, with an appreciable reduction in 
weight of the component. This usage is quite 
restricted and affects only a small percentage of 
It gen- 
erally, to those parts operating at temperatures 
above 250 to 300° F. The advantage main- 
tained at 300°, but practically nullified at 700° F. 

Type 304 stainless (18-8) has a more favor- 
able the of alloys when 
appraised at 300 and 700° F., but this may be 
somewhat misleading since the higher mechan- 
ical properties are due to cold work and the 
values in Fig. 1 
vated 


the total airframe weight. is confined, 


is 


position in series 


are taken from short-time ele- 
the 
basis of data for stress-rupture tests for long 


temperature tests. Comparison on 
periods would probably show a greater decrease 
the 304 to 


titanium. 


for Type stainless as compared 
Titanium 
higher ratings at all 
This fact the high 


corrosion resistance have generated a great deal 


Titanium 
alloys have considerably 


Experimental Alloys 


three temperatures. and 
of interest in titanium-base alloys in the aircraft 
industry. Titanium alloy RC-130A was selected 
as representative of several available alloys now 
in production with similar properties. An alloy 
with these mechanical properties is useful for 
many statically and dynamically loaded parts in 
airframes and engines where the operating tem- 
peratures do not exceed 700 to 800° F. 





Table Ib — Strength of Aircraft Structural Metals at 300 and 700° F. 





Tests at 300° F. 
YIELD 
7. &. 

10° Pst. 


ULTIMATE 
T.S. 
10° Pst 


ULTIMATE 
yes 
10° Pst. 


TS. 
d 


Y.S. 
d 


146 (db) 128 (b) 


67 (c) 


220 


200 


370 260 


100 760 610 


160 (e) 130 YSU 790 125 





Tests at 700° F. 
YIELD 
TS. 

10° Pst. 


20 


70 


90 


TS. 
d 


Type 304 stainless steel 
(full hard) 

Type 347 stainless steel 
(annealed) 

Aluminum alloy 
24S-T4 (bare) 

Aluminum alloy 
75S-T6 (bare) 

Magnesium alloy 
AZ31X 

Titanium metal 
(annealed) 

Titanium alloy 
RC-130A 

Experimental titanium 
alloy 


120 


430 


760 550 








(a) 


1949, International Nickel Co., Inc. 
(c) “Steels for Elevated Temperature Service’ 


Aeronautical materials specification of Society of Automotive Engineers. 
(b) Caleulated from shear properties at elevated temperatures. See “Nickel Alloy Steels” 


, 2nd edition, 


nited States Steel Co. 


(d) High-temperature properties from “A.S.M. Metals Handbook”, 1948 edition. 
(e) High-temperature properties estimated from corresponding values for RC-130A 


It is also possible that an alloy of alumi- 


num will be developed which will have a 
strength-weight ratio at room temperature equal 
to higher than RC-130A. 
Unfortunately, the of the 
aluminum-zine-magnesium ternary system lose 
strength rapidly with in- 

creasing 


Since 


or titanium alloy 


strong alloys 


temperature. Fig. 1 
this system has 
produced the alloys hav- 
ing the highest mechan- 
ical at 


will 


ROOM 


properties room 
it 
to 


another system if alumi- 


temperature, be 


necessary develop 
num alloys are to be used 
in structures working at 
elevated temperatures. 
The titanium alloy 
to 
in Table I is rep- 
of 
have 


referred as “experi- 
mental” 
resentative several 


which been pro- 
duced in the laboratory 
the rolled 
strip. Their ductility (as 


by 


in form of 


measured elongation 

is low, 
of yield 
tensile 


bend tests) 
the 


strength 


and 
ratio 
to 


and 
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strength is high both factors which increase 


the difficulties in forming unless the alloys are 


amenable to annealing for softening, and subse- 
quent hardening after forming. 
tional 


Many constitu- 


diagrams for have been 


determined in the high-tilanium region, and the 


binary alloys 
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possibility of heat treating to improve the tensile 
strength is not attractive, but sufficient work 
has been done on ternary and more complex 
titanium alloys to warrant considerable opti- 
mism that a high-strength production alloy will 
be developed. The problems to be surmounted 
are similar (for the most part) to those previ- 
ously solved in the production and_ utilization 
of alloys of other metals. 


COM MERCIAL DEVELOPMENT 


“Titanium melts at a high temperature 

3150° F.) and, when molten, reacts with vir- 
tually everything it touches. Some gases and 
metallic elements have important effects when 
present in the solid metal; for instance, small 
amounts of oxygen and nitrogen decrease the 
ductility markedly. Furthermore, specimens 
prepared by sintering and those made by melt- 
ing may differ considerably in their properties. 
But after all due allowances are made for pres- 
ent uncertainties, titanium is still a light, strong, 
ductile, corrosion resistant metal whose struc- 
tural applications will depend largely on getting 
the cost of the metal down from its present high 
level of 85 a pound. Just how soon titanium 
will come into widespread industrial use will 
depend also on the development of titanium 
alloys for specific purposes. Considerable prog- 
ress in alloying is reported, and serviceable 
titanium alloys are in prospect, both for use at 
normal and at elevated temperatures.” 

The above quotation from the March 1949 
issue of Metal Progress, a foreword to a series 
of articles on titanium and titanium alloys, fits 
the situation today as well as it did then. The 
demand for commercially pure titanium, either 


for aireraft or other engineering applications, 


*Epiror’s Foornort 


\ Yankee guess might 
be made as to the cost of titanium metal when 
production is measured in tons instead of pounds 
annually, by drawing a parallel with magnesium 
and aluminum. Prior to World War I, magnesium 
was imported from Germany at $1.65 per Ib., a 
value on the same order of magnitude as titanium’s 
present cost of $5.00 per lb., when depreciation of 
the money is considered. Dow Chemical Co. was 
able to break even on its costs in 1926, when it pro- 
duced 100 tons of magnesium and sold it at 69¢ 
(approximately $1.50 in present money). 1950 
cost of magnesium ingot was 24.5¢ per Ib., when 
made at the rate of 24,000 tons per year an exam- 
ple of how mass production brings down the price 
of an article. 

Since 1 lb. of magnesium and 1 Ib. of alumi- 
num require nearly the same energy to reduce 
them from their ores 
tively 


chloride and oxide, respec- 
it may be guessed that the eventual price 
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will not be sufficient to build up a large produe- 
ing industry. Alloys must be developed for 
specific purposes. The successful alloys will 
be those which can be used by engineers to 
improve the performance of a machine or struc- 
ture, increase its life, or show some other tangi- 
ble gain for the money expended. Titanium 
alloys are expensive; it may be that the aircraft 
industry can pay more per pound for a desirable 
material, but in the final analysis that material 
must still earn its keep.* 

A survey of past history indicates that no 
new material completely replaces all other 
materials in an aircraft structure. The new one 
is first used with considerable caution and for a 
few components where the largest weight sav- 
ings are evident. It requires from five to seven 
years to get a new structural material with 
proven superior properties into production in 
airplanes or engines in relatively large quanti- 
ties —- and by that is meant more than 5 to 10° 
of the total weight. 

Titanium has become part of the rearma- 
ment program and the time factor in its utiliza- 
tion may be reduced by 
development of new 


accelerating the 
reduction processes for 
sponge, and of better melting practices and fab- 
ricating procedures in mill and factory. All of 
these will doubtless result from the large funds 
being expended by private industry and the 
government. Currently, the very small com- 
usage is an offsetting factor. It is 
doubtful if the demand for munitions alone can 


mercial 


create a very large producing industry. Com- 
mercial usage in peacetime products is essential. 
This requires not only a competitive price with 
other materials, including a good scrap market, 
but also continuous output of engineering data 


on forming, machining, joining, and finishing 


of magnesium will equal that of aluminum, which 
is now 19¢ per Ib. with U. S. production of about 
650,000 tons per year. 

Titanium is not an easily reduced metal; 
although the heat of formation of the chloride is 
somewhat less than that of magnesium chloride. 
Likewise it has a very high melting point. When 
it is considered that (in the Kroll process) it takes 
1.1 lb. of Mg to produce 1.0 Ib. of Ti, it can be con- 
cluded that the price of the two will eventually be 
on the same order. One can therefore guess that 
in 1953 (when, for example, Titanium Metals Corp. 
of America plans on making 3600 tons in the war- 
time Basic Magnesium plant in Nevada) titanium 
ingot will cost on the order of $2.00 per Ib., that 
is to say, somewhat more than Dow’s 1926 cost of 
magnesium, in 1950 dollars. 

P.S. All the above thinking is about ingof. 
The usual large multiplying factors must be used to 
compute the selling price of fabricated articles. 





which must be channeled into design handbooks 
and drafting room manuals. 

It is recognized that present methods of 
melting and casting are not entirely satisfactory. 
\ great deal more will have to be learned con- 
cerning processing and fabrication before fin- 
ished products of this new material can be made 
with a uniformly high quality in the amounts 
necessary to meet the potential demand. 

Nevertheless, the fact remains that titanium 
and a number of its alloys possess unusually 


Improving Bendix 
Airplane Landing 


Wheels by Burnishing 


Ax ARTICLE in the August issue of Metal Prog- 
ress by George H. Found of Dow Chemical Co. 
(p. 51) discussed methods of increasing the 
endurance of 


work. 


magnesium castings by surface 
It will now be my purpose to bridge the 
gap between the laboratory tests he reported and 
the shop use of surface treatment. This discus- 
sion, therefore, will describe tests on full-scale 
models of relatively complicated aircraft wheels 
cast in magnesium alloys. Comparisons will be 
made of certain surface treatments — namely, 
ball peening, and burnishing or rubbing — and 
some remarks will be made about the difficulties 
and techniques involved. We will also outline 
some of the conclusions determined by the Bendix 
Products Division and the feasibility of using 
these treatments on production parts. 

It should be pointed out at the 
beginning that our work may be 
considered from the 
standpoint of number of tests made. 
While it may be practical to run a 
large number of identical test bars 
at the same load condition, this is 
not true on full-scale aircraft 
wheels. In the first place, these tests are slow 
and expensive. 


inconclusive 


We use the specially designed 


machine shown in Fig. 1; it cost approximately 


attractive properties as structural materials. 
They are inherently stable, that is, resist cor- 
rosive attack in environments where structural 
materials are normally used. ‘Titanium has a 
higher melting point than iron, and eventually 
alloys should be developed with good mechan- 
ical properties and oxidation resistance in the 
range of 800 to 1200°F. and possibly up to 
1800°. At room temperature and up to 800", 
alloys are now available with excellent mechan- 


ical properties. (~} 


850,000 and requires two men 
About the best 
we can do on an aircraft wheel 
of average size is to roll 100 
Aircraft 
tires, as now designed, are not 


to operate it. 


miles in a 24-hr. day. 


made for continuous high-speed 
service and therefore have very 
short life under the test condi- 
tions; failure may be expected 
at from 50 to 300 miles. There 
is considerable doubt about the 
real effect of sudden release in 
load in this machine which 
occurs when a tire blows out. This may have 
considerable effect on the ultimate service life 
of the wheel. In the second place there is the 
difficulty in duplicating test pieces. Although 
machining dimensions may be held quite accu- 
rately, variations in the wall sections at critical 
areas in a sand-cast wheel may reach a consid- 
This will affect the ultimate 
life of the part materially. 
totality of casting soundness, 
porosity, nicks on the surface, over-all finish 
smoothness 


erable percentage. 
Unquestionably, the 
Variations 


have a large effect on service life. 
All this should be pointed out, since each of 
these items will have a bearing on the conclu- 
sions drawn from tests. 

Early in 1946, the Bendix Products Division 
was ready to accept the state- 
ment that surface treatment 


By W. H. DuBois had much to do with ulti- 
Chief Engineer 
Airplane Wheel & Brake Div. 
Bendix Aviation Corp. 
South Bend, Ind. 


mate service life. We felt 
this was particularly true in 
aircraft wheel design, as we 
possessed some rather per- 

plexing information on wheel 

failures wherein fractures had 
occurred at sections where strain gages showed 
relatively low stresses (4000 to 5000 psi.) and 
others where failures did not occur in sections 
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stressed as high as 10,000 to 11,000 psi. We 
were led to the belief that actual failures started 
from some defect in the outer fiber or at the 
surface For example, improper cleaning of 
sand from the ribs of a wheel casting is a very 
important contribution to failure. Blowholes, 
excess porosity of the surface, core matching 
lines, and many other common defects of this 
affect the 
We had also concluded it was not 


nature would = seriously ultimate 
fatigue life. 
always sufficient to add metal at the point of 
failure, provided the surface defect remained. 
In other cases, it was impossible to decrease the 
working stress at particular points of failure, 
such as at the radius between the bead seat and 
vertical flange section, because such radii are 
dictated by tire designs. 
Burnishing-— One of the required tests is 
that aircraft wheels must endure a roll test of 
1000 miles their rated 
without failure. When our 17.00-20 wheel was 
increased in capacity from 20,500 to 25,000 Ib., 
fatigue 


minimum at capacity 


failures occurred in the demountable 
flange in the radius between the bead seat and 
Inasmuch as 
there are many of the wheels rated at 20,500 Ib. 


vertical flange section (Fig. 2). 


in service, interchangeability of flanges between 
the designs was desirable, thus making it impos- 
sible to increase the section at the point of fail- 
ure, and it was necessary, therefore, for the part 
to carry a larger stress in this region. 

Table I shows tests which demonstrate the 
effect of burnishing at the critical section. The 


first test was on a with a 
unburnished flange; it will be 


noted failure occurred at 300 miles. 


standard wheel 
machined but 
The second 
test was essentially the same wheel design but 
particular care was taken to get a smooth section 
at the point of expected failure and also to get 
the best fit between flange and cylindrical barrel 
of the wheel. Here failure occurred at 813 miles 
The third test was on the same wheel aud 


flange design with the exception that an annular 


groove was cut on the inside diameter of the 
demountable flange so as to relieve the stresses 
Here failure 
occurred at 1005 miles by a crack in the relief 


at the critical section in the radius. 
groove. This cannot be considered as comparable 
for the reason that it incorporated a design 
It would better be said the life of the 
machined flange of standard design without bur- 
nishing was somewhere between 300 and 813 
miles under the test conditions. 


change. 


Further tests 
and experience on this flange would indicate the 
higher value (800 miles, approximately) is more 
indicative of true service life. 

The fourth test shown in Table I was the 
first attempt at using a burnished flange. The 
surface of this flange (of which four sections 
were cut after the test) was burnished between 
points A—A in Fig. 2. At 1000 miles there were 
no cracks evident. The first indication occurred 
at 1100 miles, with a very small crack in the 
critical section. The test was carried on to 1250 
miles before the crack had extended to the dan- 
gerous point. Minute inspection then indicated 


Machine for Testing Performance of Aircraft Landing Wheels 





Table I — Life of Machined and Burnished Flanges on 17.00-20 Wheel Loaded to 25,000 Lb. 





rest rine PRESSURE FINISH 


No. 1 
No. 2 
No. 3* 
No. 4 


Machined 
Machined 
Machined 
Burnished 


Unknown 
108 psi. 
105 psi. 


103 psi. 
100 psi. 


Burnished 
Burnished 





MILES CONDITION 


300 Small cracks at bead seat radius 
813 Small cracks at bead seat radius 
1005 Crack in relief groove 
1000 No cracks 
1100 Small cracks in area of light burnish 
1250 Area of failure slightly increased 
1700 Fine cracks at bead seat radius 
1700 Fine cracks at bead seat radius 
through area containing microporosity 








*Design change 


that a perfect job of burnishing had not been 
done, primarily due to the method of mounting 
and a slightly out-of-round condition of the 
flange. In other words, rubbing had not been 
consistent throughout the complete periphery. 
As might be expected, the failure occurred at the 
spot where the burnishing treatment was the 
least effective or had the least penetration. 

The next test used a burnished flange but 
care was exercised to improve the burnishing 
technique to obtain uniform surface working. 
The results were quite satisfactory; the flange 
went 1700 miles before showing any failure. 

The final test was in the interest of salvage, 
to check the effect of rather heavy porosity 
Fig. 2) considerably more than we would allow 
through our production standard. This flange 
was burnished the same as in the previous test. 
Here again the results were very gratifying, as 
we got the same amount of roll as in the previous 
test on a standard flange with a minimum of 
porosity. A microscopic examination of this 
flange after the test revealed heavy porosity, but 
it did not extend to the surface adjacent to the 
starting point of failure; consequently it should 
not have influenced fatigue properties adversely. 

The complete program on the 17.00-20 wheel 
required some eight months to complete and 
included many runs other than those listed in 
Table I. These additional tests incorporated 
design changes as well as changes in surface 
treatment, and the conclusions drawn from them 
are not entirely conclusive, as it is hard to 
evaluate which change was responsible for an 
increase or decrease in the fatigue life. It can 
be stated, however, that burnishing always seems 
to have a positive effect toward increasing service 
life. Table I itself would indicate an increase 
in ultimate life of the flange from 800 to 1700 
miles — approximately double. 

Another critical section is in the retainer 
ring groove of the wheel proper, a semicircular 


groove machined on inner surface of flange to relieve stresses on bead seat radius. 
Salvage test on flange rejectable because of undue microporosity shown by radiograph. 


groove matching the region marked C in Fig. 2. 
We tested a 34x 9.9 wheel assembly similar in 
design to the 17.00-20 size already discussed 
The first test cracked in the machined retainer 
ring groove at 810 miles. 
commercially ) 


The second test on a 
identical wheel showed 570 
miles; a crack developed in the internal ribs. 
The third test (also with as-machined groove) 
cracked in the groove at 925 miles. In the 
fourth test, when the retaining ring groove was 
burnished and the assembly tested under the 
same loading conditions, the wheel went 1250 
miles without trouble in the burnished groove, 
but the wheel cracked in an internal rib. 

It would seem from these data that the 
expected life in the retainer ring groove section 
on the as-machined wheel was approximately 
925 miles. With the burnished section, we can 
only conclude that the fatigue life is more than 


A 


Fig. 2 Radiographs of Four Sections Cut From 
Test 6 (Table I) Showing Cross Section of Flange, 
Extent of Burnished Surface, and Location of 
Fatigue Cracks Near Bead Seat Radius. Surface 
A-A is burnished; surface C mates semicircular 
groove in wheel rim to house a retainer ring 


SEPTEMBER 1951; PAGE 57 





1250 miles, as no failure oecurred up to this 
point. Again we must conclude that the burnish- 
ing operation materially increased the service 
life of the wheel, although it isn't 
how much this life was increased. 


conclusive 


SHOT PEENING 

Our experience with shot peening had not 
been as extensive or as conclusive, since it is 
confined to four tests on the 17.00-20 wheel, sand 
cast in magnesium alloy. conditions 
were uniform, the average tire pressure being 
115 psi. and the wheel loading being 31,500 Ib. 

Test A was stopped at 727 miles when cracks 
were discovered through the 


Testing 


valve stem hole, 
extending 10 in. around the perimeter and into 
the inner ribs. This casting had no surface 
treatment. 

Test B was also on an as-cast wheel. At 787 
miles small cracks were found in the valve stem 
hole, and at 920 miles one crack had progressed 
2 in. and extended into an inner rib. A crack 
was also found in the retainer ring groove. 

Test C was the same except that the inboard 
spokes were smoothed by hand with emery paper 
and the window radii made more definite. This 
run was stopped at 731 miles, when small cracks 
were found on two inboard spokes. 

These first three tests are essentially the 
same wheel design, tested under the same con- 
ditions. Life varied from 727 to 920 miles; two 
types of failure were indicated, one of a local- 
ized nature around the valve stem hole, and one 
of a more serious nature in the cracking of 
spokes and internal ribs. The Jatter may 
have been the result of inferior metal on 
the surface, or of internal stresses not 
relieved by heat treating. 

The fourth test was unfortunate, in 
a way, because two modifications were 
made. The first peening the 
spokes and all the internal rib sections 
with moderate sized shot. The 
was a heat treatment 
intended to relieve any residual stresses. 
The combination of the two changes 
materially increased the fatigue life of 
the wheel. At 1351 miles a small crack 
appeared in the inboard spoke. At 1401 
miles a 2-in. crack appeared in the rim 
at the valve slot which was the localized 
point of failure. Finally, at 1735 miles, 
the wheel cracked entirely through one 
spoke. It must be concluded, therefore, 
the combination of stabilization and shot 
peening more than doubled the life. 


was shot 


second 
stabilization 


METAL PROGRESS; PAGE 58 


We did not go into production with shot 
peening because of the difficulties involved in 
effectively working the inside of the wheel with 
available equipment. It was almost impossible 
through the 
windows in the 


to direct shot small openings or 
wheels and strike 
perpendicularly the ribbing at the critical section 
The wheel might be mounted on an _ inclined 
spindle and the shot directed at an angle so that 


the internal 


side of the 


ribs would be effectively peened, 


but the expense of such a setup and the possi- 
bility that it would still give inconsistent peening 
on the various sections of the wheel decided us 
against this procedure. Instead, the design was 
the 


such a 


changed so as to increase the section of 
failure. When 
after stabilization by heat 
treatment, it had approximately the same life as 
in the fourth 
adopted as our standard production wheel 


We can only 


spoke at the point of 


wheel was tested, 


test just described, so it) was 


conclude from these results 
that shot peening is effective if carefully con- 
trolled and if the blow is perpendicular to the 
surface being treated. It does not work out too 
well for the inside of wheel castings, because of 
this would be the ideal 
spot for such treatment, as it is impossible to 
machine or smooth these areas. 


inaccessibility — vet 


Such surfaces 


should be peened only where they are essentially 
regular, with no high ribs adjacent to long sec- 
tions of essentially flat nature. 


Our experience has been mostly with fairly 
0.032 to 0.055 in. It is very desirable 
to screen the shot at frequent intervals to remove 
any broken or fragmented shot 


large shot 


Fig. 3 
ting 
Same 


Burnishing Tool Merely Replaces Cut 
Tool and Automatically 
Surface on the 


Generates the 
Outside of the Flange 





PRODUCTION BURNISHING 


Our laboratory 


experience of burnished 
wheels and flanges warrants its use on all mag- 


nesium wheels in production except the smaller 
sizes where minimum sections dictate a con- 
servative low-stressed design. 

Wheels are machined in lathes equipped 
with profile templates for a single finishing cut 
over the entire rim. We intended to use the 
same equipment, in the same setup, substituting 
a burnishing tool for the normal cutting tool. 
(See Fig. 3.) This required a tool with circular 
end and a spherical burnishing tool so the same 
surface would be generated with both. The 
radius is the most critical section of the entire 
rim profile and should be a generated burnish- 
ing operation instead of a series of concentric 
burnished rings. While tools must be sharper 
in curvature than the radius on the part itself, 
they should be kept as close as possible to the 
actual machined radius. 

A series of tests was set up on production 
machines with speeds ranging from 57 to 1050 ft. 
per min., and feeds from 0.016 to 0.005 in. per 
revolution. Maximum penetration of burnishing 
tool was attempted, but if 0.003 in. it galled 
the metal. Most satisfactory penetration was 
0.002 to 0.003 in. 
lowest feeds gave the best appearing surface. 
A spring-loaded burnishing tool (Fig. 4) will 
compensate for any out-of-round condition. A 
spring with a relatively low rate of response 
will follow surface variations with little change 
in actual load. 

A study was also made of lubricants. We 
found that petrolatum, brushed on the surface, 
worked much better under the burnishing tool 


The highest speeds and the 


Fig. 4 Spring-Mounted Burnishing 
Tools: Roller (Left) and Ball (Right) 











than a machining oil or other liquid lubricants. 

The question may well be asked as to how 
we determine when a surface is properly bur- 
nished. A fair job can be done by visual inspec- 
tion, because it will be smooth, with no indication 
of tear, and glazed slightly. This is particularly 
evident under low magnification. The correctly 
burnished surface has the appearance of a series 
of furrows turned over, with no fragmentation 
or loose chips in evidence. However, it is neces- 
sary to section a piece occasionally, polish and 
etch it, and then examine it microscopically. 
This shows very clearly the depth of penetration 
by strain markings in the grains near the surface. 
(See the photomicrographs in Mr. Found’s article 
last month.) Such metallographical studies are 
highly recommended when evolving a technique 
to burnish a surface on a newly designed part. 
It is also important to start with a comparatively 
smooth machined surface; our specification calls 
for a 100-microinch finish. Yet we know of no 
inspection quite as good as that of the good 
operator. It might be said that a good-appearing 
surface is generally a good burnished surface. 


CONCLUSION 


Wheel designs are at best a compromise. 
One set of requirements dictates a strong rigid 
structure capable of withstanding five to ten 
times the normal rated load of the wheel. Since 
weight must be saved, this rigidity can be pro- 
vided most efficiently through high ribbing and 
spokes. Yet a second set of requirements specifies 
War- 
ranties are being requested for service life of 


long service life (resistance to fatigue). 


10,000 miles rolling distance for landing, taxiing, 
and take-off operations 
different 


Here we should have a 
structure, one of uniform sections 
throughout the circumference, a structure that 
vields uniformly without points of high stress 
concentration. Again, the wheel is a running 
mate of the tire, and the entire rim profile must 
be compatible with good tire design 

The result is that aircraft wheels are rarely 
ideal structures from the standpoint of longevity, 
due to the compromises in the design and result- 
ing points of high stress concentration. More- 
over, cast magnesium alloys are unquestionably 
somewhat notch sensitive, and should any 
smooth surface be interrupted at a point of high 
stress the result will be short life. Any surface 
treatment such as burnishing or ball peening 
that compensates for notch sensitivity and other 
factors contributing to scatter of test data, 
unpredictability, and short fatigue life should 


he a must in the design 6 
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Production of 


Powdered Uranium 


and Thorium 


Dae: following is a description of the method 
of making powdered thorium 
This 


laboratory has prepared several batches of these 


uranium and 
which is used at the Ames Laboratory. 


powdered metals in response to requests from 
other units of the Atomic Energy Commission. 
The conversion to the powder form, done with 
ordinary laboratory equipment and in a short 
time, is simple. As an amount sufficient for 
some purposes can be made up in less than half 
a day, the powdered metals may be considered 
as always immediately available if one has the 
requisite massive metals on hand. 

To prepare either powder, one 
needs only to allow the starting metal 
to react with hydrogen to produce the 
hydride, which forms as a powder, and 
then to decompose the hydride under 
conditions such that no. sintering 
occurs. The production of powdered 
uranium is particularly simple and will be 
described first. For reasons that will become 
apparent, thorium presents a slightly more com- 
plicated problem. 


PRODUCTION OF POWDERED URANIUM 


The natural division of the process into two 
stages may be followed conveniently in an expla- 
nation of the operations. 
uranium and uranium 
hydride, UH,. This compound forms as a pow- 
der so fine that it will pass a 400-mesh screen 
and has so little adhesion to the metal that it 
falls away 


The reaction between 


hydrogen produces 


continuously leaving a_ freshly 


exposed surface. Three principal factors con- 
trolling the rate of reaction between uranium 


and hydrogen are (a) area of surface of metal, 


*Contribution No. 142 from the Institute for 
Atomic Research and the Department of Chemistry. 


The work was performed in the Ames Laboratory 
of the Atomic Energy Commission. 
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By P. Chiotti 
and B. A. Rogers 


Ames Laboratory 
lowa State College 


b) temperature of the reacting sub- 
stances, (c) pressure of hydrogen 
over the charge. 

When the second and third fac- 
tors are constant, the rate of reaction 
is proportional to the exposed area. 
For this reason, lathe turnings, pieces 
of thin sheet, or other subdivided 
forms of metal are converted more 
rapidly than the same weight of ura- 
nium in a single block. Thin flat 
pieces have the advantage also that 
the area available for reaction de- 
creases only slightly during the prog- 
ress of metal conversion. 

The effect of temperature is less simple. 
The action of hydrogen on massive uranium 
becomes noticeable when the temperature of the 
metal reaches about 100 to 150° C. and proceeds 
most rapidly in the vicinity of 225° C., 
cated in Fig. 1. However, the purity of the 
hydrogen and the state of the metal affect the 
time necessary for conversion at any tempera- 


as indi- 


ture. A small percentage of oxygen in the 
hydrogen delays the start of reaction, particu- 
larly at temperatures below 200°C. A slight 
oxide on the metal also causes a delay so that a 
temperature above 225° C. may 
give the highest average rate. 
On the other hand, finely divided 
uranium, made by the decom- 
position of a previously made 
hydride and presumably com- 
pletely free of oxide film, com- 
bines with hydrogen slowly at 

80° C. and briskly at room temperature. Figure 
1 was obtained with purified hydrogen acting on 
uranium wire. 

Pressure of hydrogen also affects the rate 
of reaction. Higher pressures produce higher 
rates, but as the reaction is strongly exothermic, 
the higher rates may cause the temperature to 
rise above the allowable limit for the apparatus. 
A less serious consequence of the rise of tem- 
perature is a reduction of the rate of reaction 
in accordance with Fig. 1. Provided that the 
apparatus does not fail, an equilibrium will 
eventually establish itself between the increase 
in temperature and the decrease in rate of reac- 
tion. Adjustment of the flow of hydrogen to 
the reaction vessel is an effective means of con- 
trolling the rate of reaction and the consequent 
rise of temperature. 

If the hydrogen pressure falls too low, con- 
version may be undesirably slow; an excessively 
low pressure will reverse the direction of the 


reaction. The pressure at which the reaction 
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Fig. 1 The Change in Rate of Reaction of Hydro- 
gen With Uranium as Temperature Increases. Rates 
are for purified hydrogen reacting with uranium wire 


does not proceed in either direction is shown as 
a function of temperature in the conventional 
way in Fig. 2. In Fig. 3, a section of this graph 
has been replotted with degrees centigrade as 
the principal variable. Obviously, if the pres- 
sure-temperature point representing any condi- 
tion of the reacting system lies above the curve, 


Fig. 2— Change in the Pressure of Hydrogen 
Over Uranium Hydride as the Temperature Is 
Varied. This graph shows the conventional plot 
of dissociation pressure against the reciprocal of 
the absolute temperature on semilogarithm paper 
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hydride will form, whereas, if the representative 
point lies below ‘the curve, the hydride will 
decompose (metal will be formed). 

The second stage of the process, the decom- 
position of uranium hydride to uranium pow- 
der, requires the removal of hydrogen under 
conditions suggested by Fig. 3 In general, 
decomposition will be more rapid as the pres- 
sure of hydrogen is reduced further below the 
equilibrium value. As indicated in Fig. 3, ura- 
nium hydride can be decomposed at atmospheric 
pressure if the temperature is raised above 
430° C.* although the resulting metal is less sat- 
isfactory for some purposes. During the decom- 
position stage, an increased amount of energy 
must be supplied to the furnace to compensate 
for the heat absorbed in the dissociation of ura- 
nium hydride. It is this absorption of heat that 
causes the sharp drop in temperature as disso- 
ciation begins when pumping is started. 

Having set down some of the basic facts, 
we may now consider equipment and procedure. 
For the small amounts of powdered uranium 
occasionally prepared for laboratory use, pet 
haps 100 to 250 g., conventional 


laboratory 
apparatus such as that illustrated in Fig. 4 is 
satisfactory. An ordinary carbon combustion 
furnace is a suitable heating unit. A suitable 
container for the charge can be made by sealing 
one end of a Pyrex glass tube of the proper size 
The other end of the 
tube may be provided with 


to slide in the furnace 


a ground, tapered 
joint to receive a cap that connects to the 
*Some data indicate that this value may be as 


much as 5° C. too high 


Fig. 3— Dissociation Pressure of Uranium 
Hydride Increases With Increasing Temperature 
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remaining apparatus. As a precaution against 
loosening of the cap if the pressure of hydrogen 
should rise above atmospheric value, the two 
portions of the joint may be tied together with 
string or wire. Connections to the vacuum 
pump and the hydrogen supply are made in the 
customary manner. As the hydrogen should be 
as free as possible from oxygen and moisture, 
it should be led through a tube containing cop- 
per at about 600°C. and a tower or tube con- 
taining a drying agent such as Mg(ClO,).,. An 
extremely effective purification of hydrogen is 
obtained if the gas is led over uranium turnings 
or powder at a temperature of 600 or 700° C. 

Stopcocks should be provided for cutting 


off the connections to the pump and to the sup- 


Ground Joint 


Stop Cocks 
Pail / 


Charge Container 


To McLeod Gage 
Furnace 


To Vacuum 
Pump 


Fig. 4—Apparatus for Making Uranium 
Powder Uses Pieces Such as Found in Any 
Laboratory. All glass parts should be Pyrex 
ply of hydrogen. In particular, a stopeock 
immediately beyond the ground joint is desirable 
so that the container of powdered metal can be 
closed off from the air when it is disconnected 
from the remainder of the apparatus. With 
this arrangement, the container may be used to 
store the powder temporarily or may be attached 
to another piece of apparatus. 

Because lathe turnings or other forms of 
uranium are likely to have an oxide scale which 
makes reaction proceed less rapidly, the charge 
should be cleaned in dilute* nitric acid, washed 
with distilled water, rinsed in acetone, and 
dried. Time should be allowed for the acetone 
to evaporate completely before the turnings are 
disturbed, as a spark between pieces may cause 
the acetone to catch fire. A good precaution 
against trouble is to have a helium- or argon-fed 
cover ready to be set over any ignited substance. 
As soon as the turnings are dry they should be 
put in the container which 
pumped out. 

When the pressure of air in the container 


should then be 


has diminished to 5 or 10p, the system may be 


*The concentration of acid should not exceed 
50% by volume if explosive action is to be avoided. 
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flushed with hydrogen and power may be turned 
on the furnace. During heating, the pressure 
of hydrogen customarily is maintained slightly 
above one atmosphere. 

Usually, the total time for conversion of 
small charges is decreased if the charge is main- 
tained above 225° C., indicated in Fig. 1 as being 
the optimum temperature. The reason for a 
reduced total period of conversion at the higher 
temperature is the shortening of the incubation 
period described below. In most instances, 
enough oxide film remains on the uranium to 
prevent the entering hydrogen from making 
immediate contact with the metal. The gas 
must first diffuse through the oxide layer and 


form UH, in sufficient amount to cause the layer 
To Hydrogen Tank 
Wox 


Sea/ 
Container 


Furnace 


Drying U-Tube 


to crumble off, after 
which the reaction will proceed 
in a 








normal manner. If the 

charge is in small pieces, the 
time for diffusion at lower temperatures is a 
large fraction of the total time of conversion 
For this reason, the charge usually is maintained 
in the range of 250 to 300° C. At this temperature 
a 100-g. charge can be converted to hydride in 
about a half hour. The reader should note that 
the temperature of the charge may be higher 
than the temperature of the furnace because of 
the exothermic heat of reaction. 

In operation at any temperature, an esti- 
mate of the rate of conversion is obtained from 
observation of the rate at which hydrogen must 
be admitted to maintain an approximately con- 
stant pressure. When hydrogen is no longer 
taken up, the reaction has reached its practical 
end of conversion. 

Decomposition of the hydride proceeds most 
rapidly if the hydrogen is pumped off as rapidly 
as itis given up. A high temperature is advan- 
tageous in this step because the higher existing 
dissociation pressure means that hydrogen 
comes off more rapidly. The temperature is 
limited, however, by the tendency of the reduced 
powder to sinter to particles of aggregate. This 
tendency becomes noticeable at 300 to 350°C. 
but still higher 


temperatures usually are 








employed because mild jar- 


Cc) 


ring of the container suffices 
to break up the aggregates 
into individual grains even 
when the hydride has been 
decomposed at 400°C. or a 
little higher. An added ad- 
vantage of the higher temper- 
ature is that the product is 
less pyrophoric than powder 
produced at a lower temper- 


Hydrogen Pressure, Mm. Hg ( 


Under the conditions 
outlined, a 100-g. quantity of F 


ature. 





‘ 


From an examination of 


. 


this figure, one notes imme- 
diately that the dissociation 
pressure of the higher hy- 
dride is very much greater 
than that of the lower hy- 


a 


dride at the same tempera- 
ture. Evidently, the formation 
of ThH, may proceed under 
lower pressures than are re- 
quired for the preparation of 
ThHy at the same tempera- 





| ture, or, considerably higher 





uranium hydride can be de- O 10 


prived of its hydrogen in 


about one hour. Fig. 5 Dissociation Pressure of Tho- 
rium Hydrides at 600° C. 
of curve redrawn from Fig. 2 in report 
portion is based on 
the same report 


The method of production 
CC 2722; 


equation 


right 
given 


outlined above has the merit 
that the strongly pyrophoric 
UH, is not exposed to the 
atmosphere at any time. When necessary, ura- 
nium hydride at room temperature can be han- 
dled safely under nitrogen or carbon dioxide. 
Carbon dioxide is a convenient atmosphere since 
it can be obtained from a piece of dry ice and 
is quite safe if the temperature of the hydride 
is not above 100°C. At 200°C. an observable 
reaction between hydride and gas sets in and 
once the reaction becomes energetic it is difficult 
to stop. The reduced metal is less pyrophoric 
than the hydride but should be handled with 
precautions like those indicated for the hydride. 
Calcined lime smothers the ignited material 
sufficiently to prevent fire spreading to other 
objects, but the uranium usually reverts to the 
oxide once action has started. 


PRODUCTION OF POWDERED THORIUM 


Thorium reacts with hydrogen to form two 
hydrides-—one with the formula ThH, and 
another of undetermined proportions, ThHg, 
but, apparently, either ThH,;, or ThH,. The 
hydrogen-thorium ratio seems to be sensitive to 
the conditions of formation. A consequence of 
the existence of two compounds is a pressure- 
composition curve with two levels as in Fig. 5, 
which shows the isothermal curve for 600° C. 
The left portion of this curve has been redrawn 
from Fig. 2 (in CC 2722) and corresponds to the 
reaction Th + H, = ThH,. The right portion is 
an approximation based on calculations from 
the equation 

$220 
1 
corresponding to the reaction ThH, + 


1)H, = ThHy 


+ 9.50 


Hydrogen-Thorium Ratio( Atomic) 


30 42 temperatures may be em- 
ployed in preparing ThH, 
Left portion than can be used in forming 
rhHy, under an approximately 
fixed pressure. 

These facts suggest the 
desirability of dividing both 
the formation and decomposition steps of mak- 
ing powdered thorium into two parts. 
cedure is as shown below: 

1. Formation of dihydride, ThH,, between 
600 and 650° C. 

2. Formation of the higher hydride at tem- 
peratures not above 320° C. 


This pro- 


3. Decomposition of the higher hydride at 
temperatures up to 500°C. under a pressure 
one atmosphere of hydrogen. 

4. Decomposition of the lower hydride at 
700° C. at low pressure. 


Since the procedure is more complicated, 


more exact details are given for the production 
of thorium than were furnished for making 
uranium metal powder. 

Seamless, plain carbon steel tubing is suit- 
able for a container for thorium, although if the 
operator desires to take advantage of higher 
pressures and temperatures, a stainless steel 
tube would be preferable. For small lots, a 
fused silica tube may be used. A steel tube 
used in some production runs was 4% in. in 
diameter by 26 in. long and could hold 10 Ib. of 
coarse thorium turnings with ample room for 
expansion of the charge during the formation 
of the hydride. One end of the tube was closed 
by a steel plate welded on; the other was cooled 
by a spiral of copper tubing through which 
water ran. Closure of the cooled end was by a 
water-cooled plate bearing a small pipe for con- 
nection to the remainder of the apparatus. The 
tube was provided with ears so that the cap 
could be fastened to it by means of clamps. 
The joint between tube and cap was made tight 
by means of a rubber gasket. 

A large furnace similar to the small one 
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shown in Fig. 4, for making uranium powder, 


is a suitable source of heat. A thermocouple 
temperature should be 


placed in contact with the steel container. Con 


for measurement of 


nections to suitable vacuum pumps and to the 
hydrogen supply must be provided in the man- 
ner described for uranium. For evacuation of 


the system, a diffusion pump backed by a 
mechanical pump, such as a Hypervac 23, is 
desirable. The pressure of hydrogen may be 
determined by an ordinary manometer, but a 
McLeod gage or other device for measuring low 
pressure also should be included in the system. 
Suitable means for purifying the hydrogen 
should be included, although experimental runs 
have been made with hydrogen as it came from 
the tank. 

Turnings or chips are the most desirable 
form of charge as they react rapidly. However, 
blocks up to 4 in. in diameter (the cropped 
heads of 4-in. diameter ingots) have been used 
successfully. After the charge has been put in 
place and the cap fastened on the tube, the sys- 
With the 


equipment described above, pumping for 20 min. 


tem should be sealed vacuum-tight. 


should reduce the pressure to about Ip. 

After tests have shown the system to be 
free from leaks, power may be turned on the 
furnace and the 
between 350 and 


temperature brought up 
100° C., which is about the 
minimum temperature at which hydrogen reacts 
with thorium. While the furnace is being brought 
up to temperature or at the beginning of the 
reaction period, hydrogen may be alternately 
admitted and pumped out as a means of sweep- 
ing out the products of degassing. Except during 
pumping, the pressure of hydrogen may be main- 
tained slightly above one atmosphere. 

If the charge consists of chips or turnings, 
the exothermic heat suffices to maintain the 
temperature in the converting range. If the 
temperature shows evidence of rising above 
700° C., the hydrogen supply should be throttled 
down or diluted with helium or argon. Too 
much dependence should not be placed on the 
indication of the thermocouple at this time as 


the reaction may spread out from a single point 


while the remainder of the charge experiences 
little effect. Visual observation of the outside 
of the tube will show whether the charge is 
If the 
charge consists of large pieces, exothermic heat 
will not 


becoming excessively hot in one region. 


maintain the operating temperature 
and some energy must be supplied to the heat- 
ing element. 

The operator can determine the conversion 
rate roughly by watching the rate of decrease 
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of pressure when the supply of hydrogen is cut 
off temporarily. As the composition of the 
charge approaches the proportion ThH, the con- 
sumption of becomes 


hydrogen increasingly 


This behavior indicates, in Fig. 5, that 


slow. 
a point representing atmospheric pressure and 
composition of the charge, which has been movy- 
ing steadily to the right, is approaching the 
vertical portion of the curve and is unable to 
cross it. 

When the absorption of hydrogen at atmos- 
pheric pressure has ceased, the temperature of 
the furnace may be allowed to decrease until 
consumption of hydrogen again becomes ener- 
getic which it does about 320° C.* Absorption 
of hydrogen continues at temperatures as low 
as 100°C. and below, but the action is most 
rapid about 250°C. When the consumption of 
hydrogen stops again, the operation is complete 

The lower hydride of thorium forms with 
little disintegration of the charge although a 
swelling, corresponding to the decreased den- 
sity, is observed. During the formation of the 
higher hydride, grains of hydride begin to fall 
off and the pieces of the charge lose their indi- 
vidual outlines. Jarring of the container during 
or after the reaction period will cause the pieces 
to break up noticeably but much of the charge 
remains in relatively coarse particles about the 
10-Ib. 


charge of turnings, the time for conversion to 


size to pass a 30-mesh screen. For a 


the higher hydride under atmospheric pressure 
is a litthke more than 6 hr., of which about 2 
are spent in the reaction of thorium to ThH 
and 4 are required for production of the highet 
hydride after the temperature of the furnace 
has diminished to the reacting value 
Decomposition of the higher hydride can 
be performed under atmospheric pressure easily 
if one increases the temperature of the furnace 
gradually to 500°C. 
comes off, the temperature of the furnace may 
be increased again to about 700° C. and decom- 
position of the dihydride started under pump- 
ing. Evacuation should be continued until the 


When no more hydrogen 


pressure of hydrogen is below 1 mm. of mer- 
cury. This condition corresponds to a very low 
percentage of hydride. The pumping period for 
a 10-lb. charge of chips is about 4 hr., and for 
the whole operation of hydrogen removal is 
about 6 hr. For a 22-lb. charge of large blocks, 
the pumping period lasts about 8 hr. under the 


conditions outlined. 


*Since the dissociation pressure of the higher 
hydride at 350°C. is only 500 mm., one would 
expect that the reaction would start 
temperature 


ibove_ this 





After reduction of the hydride is complete, 
the container should be cooled and flooded with 
argon or helium. When the cover is removed, 
a piece of dry ice may be dropped into the con- 
tainer to provide an atmosphere of CO,. The 
product as taken from the container is coarsely 
granular but contains some larger pieces. Most 
of the material will pass a 30-mesh screen and 
a little of it will pass a 100-mesh screen. If 
desirable, the entire product may be ground to 
100-mesh screen, but 
pyrophoric, the possibility of ignition is present 
unless the work is done under CO, or an inert 
atmosphere. The product can be handled in air 
at ordinary temperature without ignition. If 


pass a as the metal is 


stored, it should be kept in a closed container. 

In addition to the practice of grinding the 
final product, two other methods are available 
for the preparation of fine powder. The par- 
ticle size can be decreased by repeated cycles of 
formation and decomposition of the hydride. 
However, this method is time consuming. An 
grinding of the 
charge during the hydride stage. Steel balls are 
placed in the tube along with the 
Then, after the hydrides have been 


alternative procedure is the 


reaction 
charge. 
formed, the reaction tube may be detached tem- 
porarily from the remainder of the apparatus 
and used as a ball mill for grinding the charge 
The hydride is 


under a hydrogen atmosphere. 


quite brittle and breaks up rapidly into a very 
This finely divided hydride can 
If the 
decomposition is carried out at 700° C. or below, 
The contami- 


fine powder. 
then be decomposed as described above. 


very little sintering takes place. 
nation of the thorium powder by iron picked 
up from the steel container is slight; it certainly 
is less than 50 million. Thorium 
powder reduced from the ball-milled hydride 


parts per 
contained 175 parts per million of iron. 
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Caterpillar’s Experience With Boron Steels 


As \ MEASURE TO CONSERVE critical chromium, 
nickel and molybdenum, boron steels have been 
recommended for those applications in which 
the conventional triple-alloy steels are selected 
primarily according to their hardenability prop- 
erties. The H-band data for certain boron steels 
made in considerable tonnage match very satis- 
factorily the H-bands of higher-alloy conven- 
tional alloy Also, 
there is available a considerable amount of 
information that recommends the use of these 


steels they have replaced. 


steels on the basis of properties determined by 
laboratory investigation; however, there is very 
little published information that concerns their 
behavior under production and service condi- 
tions. The nine vears of experience accumulated 
by Caterpillar Tractor Co., Peoria, IL, in the 
processing and service studies of some of these 
steels provides a commentary that will be of 
interest to potential users of the new series 
and that means practically everybody because 
the supply situation is becoming tighter. 
Caterpillar’s experience with boron. steels 
dates back to the early days of World War I 
when boron was first considered as a possible 
substitute for some of the chromium, nickel and 
molybdenum content of the “high-potency” alloy 
steels. Subsequent developments led to the 
adoption of the NE Steels (National Emergeney 
Steels) which made such good use of the “tramp” 
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alloy in remelting scrap that concentrated inter- 
est by Government and industry in the more 
economical boron steels came to an end. How- 
ever, on the basis of the results that Caterpillar, 
and others, had obtained from these early inves- 
tigations, Caterpillar continued working with 
trial heats of boron-treated steels until sufficient 
evidence was obtained to order mill heats in sub- 
stantial tonnages. The steels they concentrated 
on and have been using since that time are 
86B45* as a replacement for 2345 and 4340, and 
14B35 (formerly designated as 10B35) for 3140 
and 4140. Not a single failure of a part, despite 
many years of rigorous service, has been attrib 
of boron-treated steels. 
According to F. F. Vaughn 
chief metallurgist Glen C 


uted to the use 
(who has assisted 
Riegel in the Cater- 
pillar boron steel program) a factor that has 
assured successful use of these steels is that 
material is selected on the basis of meeting spec- 
ifications for minimum hardenability and notch 
toughness. By taking tests from locations which 
represent extremes within the mill heat — that 
is, the bottom of the first ingot and the top of 
the last ingot that are to be used for a given 
specification — the danger of putting into pro- 
duction material that is unsuitable for the part 
is eliminated to a very great extent. The tests 

*See Data Sheet, p. 80-B, in last month’s Metal 
Progress 





Engraving at Head of the Article Repre- 
sents 
for Progressive Heat Treatment of Bar 
Stock for 
screws, Studs and Similar Screw Machine 
Parts. 
ment handle boron steel 14B35 in stride 


Caterpillar’s Famous Equipment 


High-Strength Bolts, Cap- 


The four lines of induction equip- 


performed are for 
ability, 


Jominy end-quench harden- 
impact and tensile strengths and hard- 
ness. In addition, spectrographic analysis is 
made for boron. 

arts made of 86B45 are axle shafts, wheel 
spindles and steering knuckle arms. The 14B35 
bolts, capserews and studs 
under ‘2 in. and over 7% in. in diameter; inter- 
mediate sizes are of fine-grained 1038 which is 
selected on a hardenability basis to meet the 
optimum requirements of the specification for 
these parts. 


grade is used for 


Sizes under '% in. are oil quenched; 
the water quench is used only for diameters over 
7, in. All of these parts require thorough hard- 
ening to withstand the high stresses imposed on 
them during service. Final structure of the 
metal for all parts is tempered martensite. 
Sizes, which range from under 4% in. for the 
bolts to 5 in. for axles, together with the specifi- 
cations, give a good indication of what can be 
expected of boron steels. 

Typical specifications for these items run as 
follows: The 1'4 to 5-in. steering knuckle arms, 
wheel spindles and axles of 86B45 call for a 
minimum Jominy hardenability of Rockwell 
the 14B35 bolts 
require a minimum hardenability of Rockwell 
C-40 at 4/16 in., 145,000 psi. tensile strength, an 
Izod impact strength of 36 ft-lb. at —20° F. and 
42 ft-lb. at 75° F., using a 0.010-in. radius “V” 
notch; *s to 1%,-in. studs of the 14B35 grade 
steel require an 80,000-psi. minimum yield 
strength, a notch toughness (Izod impact, “V” 
notch) of 40 ft-lb. at —20°F. and 50 ft-lb. at 
75° F., and hardness of C-20 to 28 

Caterpillar has used approximately 20,000 to 
25,000 tons of 86B45 and 30,000 to 35,000 tons 
of 14B35 during The total 
steel tonnage used annually by this sprawling 
plant of 


C-50 at a distance of 10/16 in.; 


the past nine years. 


128 acres of modern buildings employ- 


ing 22,000 production workers approximates a 
It may be of interest to note 
that Caterpillar’s several suppliers of the boron 
steels have been using Grainal 79 as the boron 
addition agent. 

Mr. Vaughn states they have had no diffi- 
culty in machining, forging or heat treating the 


half million tons. 


boron steels. In fact, the advantages offered in 
machining and heat treating that were discov- 
ered as soon as the steels were thoroughly inves- 


tigated were deemed sufficiently important by 


the company to put up with the early tribula- 
tions in getting mills to accept these 
analysis steels. 


“special” 
some effort must be 
made to obtain a structure that is best suited for 
a given machining method. 
turning involves the gr 


However, 


For example, if 
satest part of the machin- 
ing time and hobbing or broaching are second- 
ary, then the structure should be relatively soft 
so that turning can be done in minimum time, 
although some compromise must be made to 
have sufficient hardness to prevent serious tear- 
ing of metal during hobbing or broaching. 

In the annealed and as-rolled condition, 
boron-treated steel is softer than conventional 
alloy steels of comparable hardenability, thereby 
giving tools and dies a longer life. This increased 
tool life has been reported by firms making bolts 
for Caterpillar and some of this information was 
quoted by Porter R. Wray in the article “Boron 
Steels for Constructional Parts and for Carbu- 
rizing” which appeared in Metal Progress for 
July 1951. In that article the production of 8640 
and 1035+B cold headed bolts and capscrews is 
compared to show the number of pieces that 
were run before it was necessary to regrind tools 
and dies, the 1035+B steel giving as much as a 
2 to 1 gain over the 8640. Machining time for 
86B45 axles has been reduced 25 to 30%, anneal- 
ing time being shortened also. 

The remarks made by Mr. Riegel on April 9 
of this year at the Chicago meeting of the Oil 


Annealed Structure of 86B45 for Best Machin- 
ability, Obtained in a Special Continu 
ous Annealing Furnace. Picral etch, 1500 


ANNEALING CycLt 

1. Heat to 1600° F, 

2. Cool to less than 800° F. 
controlled atmosphere ) 

3. Heat to 1380° F 

4. Cool to 1210° F 
atmosphere) 

5. Hold at 1210° F. for 3 hr 

6. Cool to less than 600° F 

7. Discharge 


(accelerated 


(accelerated controlled 
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Field Supply group briefly 
summarize some of the 
important practices ob- 
served by his company: 

“Normalized or air 
cooled sections ol shafts, 
such as the bevel pinion 
and shaft or the spur pin- 
ion and shaft, on which 
only the gear end is liquid 
quenched, might give 
trouble by being low in 
hardness-— and hence in 
strength on the air 
cooled section. This could 
result in twisting off in 
torsion. Therefore, to 


obtain any value from 
the boron alloying agent, 
the part must be liquid 
quenched and tempered. 

“Intensifying the hard- 
enability of low-carbon 
steel, such as that in the 


core of carburized gears 





or similar parts of thin 
section, might result in a 
serious hazard from over- 
Thus, in 
a thin-tooth section, the 


all brittleness 








Boron Steel 86B45 Has Been Used for Several Years by Cat- 


stress conditions may re- 
verse in hardening, due to and Similar 
the formation of martens- 

ite in the core subsequent to the hardening of 
the case and cause the tooth to be easily broken 
off by shock. 
compression and the core in tension, the tooth 
then is as brittle as if it were made of ‘through- 
hardened’ steel. 


Instead of having the case in 


“Some sacrifice of hardness of carburized 
cases quenched from the carburizing temperature 
of 1700° F. or higher has been observed in the 
boron-treated steels. Quenching from tempera- 
tures only slightly above the upper transfor- 
mation range or by reheating for hardening has 
been found satisfactory. 

“Generally speaking, our experience has 
shown that in using boron-treated steels, we 
have had to reduce the carbon content of the 
steel it replaced by as much as three to five 
points. There is one disadvantage in using the 
lean alloy boron steels to replace the common 


constructional grades of alloy steel, namely the 


higher temperatures necessary for retaining fer- 


rite in solution during quenching. This produces 
more distortion and unless more energetic means 


are used for removing the heat properly, there 
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erpillar Tractor Co. for Highly Stressed Axle Shafts, Spindles, 
Heavy Section Parts of 3 to 6-In. Diameter 


may result a poor product and high serap loss.” 

Two continuous cycle annealing furnaces are 
used for the axles and the other parts made of 
86 B45. 


to normalizing temperature from which it is 


The first heating zone brings the metal 


cooled by a recirculating atmosphere; the second 
heating zone brings the metal to the austenizing 
temperature from which it is cooled as rapidily 
as possible, without undercooling, to the isother- 
mal decomposition temperature. Electric induc- 
tion heaters are used for progressive hardening 
and tempering stud stock in bar lengths. 
Carburized 94B20 series has been used exper- 
imentally for transmission gears and final drive 
pinions with very satisfactory results. Inspections 
were made at 3000-hr. intervals up to 10,000 hr. 
and in some cases even to as much as 20,000 hr 
of service under the various conditions that 
Caterpillar tractors, bulldozers and scrapers meet 
in practically all parts of the world. On the 
strength of this early experience, a contemplated 
change to the future use of this boron steel is not 
expected to present any problems in processing, 
carburizing, or service performance Se 





Radioactive Tracers 


Reveal Friction and 
Wear of Metals 


A. rHoUuGH frictional phenomena have always 
been a part of everyday life, the basic knowledge 
of the mechanism underlying friction is very 
incomplete. Prior to 1920, friction was thought 
to be due solely to the mechanical interlocking 
of small irregularities or roughnesses on the 
rubbing surfaces. The force of friction was 
considered to be the tangential force necessary 
to slide the protuberances of one surface up the 
slopes of those on the other surface against the 
action of the normal force or load pressing the 
On this basis the coeffi- 
cient of friction, or ratio of tangential force to 


two surfaces together. 


normal force, can be shown to be equal to the 
tangent of the mean angle of inclination 
of the surface irregularities. 

While this hypothesis served to 
explain the so-called “laws of friction” 
observed by Amontons and Coulomb, 
it failed to account for the energy 
expended in the friction process. It 
can be seen that unless some other 
mechanism is responsible for friction, 
sliding should proceed without the expenditure 
of energy, for the work to slide or lift one 
surface up the slope to the top of the protuber- 
ances of the other should be recovered upon 
sliding down the reverse slope. Then, too, care- 
ful measurements showed that improving the 
smoothness of the surfaces did not reduce greatly 
the friction coefficient as would be the case if 
this theory were correct. 

The modern theory of friction, due to Hardy, 
Tomlinson, Bowden, Holm and others, postulates 
that the major part of frictional resistance is 
caused by molecular adhesion in those regions 
where the surfaces are in intimate contact and 
the resulting deformation of these regions on 
sliding. The finest of surfaces, be they ground, 
lapped, or polished, are rough by molecular 
standards and when two surfaces are pressed 
into contact, the applied load is carried entirely 
by a few high points which flow plastically until 


By J. T. Burwell” 
and ©. 0. Strang’ ° the 


Massachusetts Institute 
of Technology 
Cambridge 


they are large enough to support 
the load. 
areas is very small and consti- 


The sum of these local 


tutes only a small fraction of the 
nominal area over which the sur- 
faces appear to be in contact. It 
is argued that, because of the 
high plastic flow pressures and 
intimate contact of the two sur- 
faces at these points, a form of 
pressure weld or adhesion occurs 
over these local areas, even at 
room temperature. The force of 
friction is the summation of the 
forces required to shear all of these minute 
welds and so permit sliding 
If the welds are weak because of contami- 
nation of the surfaces by oxide layers or greasy 
substances, or because the metals of the two 
surfaces exhibit little affinity for each other, 
they will usually break on the surface of original 
adhesion and little surface damage will occur. 
If, on the other hand, the metals are clean and 
mutually soluble in the solid state, the welds 
that are formed may be expected to be strong, 
their strength being further increased by local 
strain hardening from deformation and rubbing 
so that they are stronger than the materials of 
one or both surfaces. 
Therefore, the welds should 
shear to one side in the bulk 
metal and a 
minute particle of the softer 
metal should be found adher- 


weaker 


ing to the harder metal. It 
should be kept in mind that 
this is not the gross welding 
or visible galling observed on machine parts 
which have failed from inadequate lubrication 
but occurs instead on an extremely minute scale, 
far below the resolving power of the optical 
microscope. However, detection of the weld 
metal transferred from one surface to anothet 
during sliding is important in verifying and 
extending the adhesion theory of friction. Toward 
this end, a radioactive tracer method has been 
developed and used at the Massachusetts Insti- 
tute of Technology Lubrication Laboratory 


RADIOACTIVE TRACER TECHNIQUI 


The radioactive tracer method for detecting 


metal transfer or “microwelding” is extremely 

simple in concept It consists of making one 

of the two rubbing surfaces radioactive, rubbing 
*Now with Horizons, Inc., Cleveland 


Now with Kiekhaefer Corp., Cedarburg, Wis 
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them together under controlled conditions, and 
then examining the second surface for evidence 
of radioactivity. The first experiments (con- 
ducted in 1944 by Sakmann, Burwell and Irvine) 
demonstrated the feasibility of the method and 
showed that minute amounts of material from 
one surface were indeed transferred and adhered 
firmly to the second surtace. 

Experiments carried out before the recent 
war were difficult in practice because the active 
specimens had to be prepared either by irradia- 
tion in a cyclotron or by adding an active isotope 
melt of the specimen metal. The first 
method was poor from the quantitative stand- 


point as the resulting specific activity (disinte- 


Inert Rotor Radioactive Rider 


Ox 


Friction Track \ 


CG 


gration rate per unit volume of metal) of the 
metal, and hence its calibration, in terms of 


Fig. 1 Crossed-Cylinder Ge- 
ometry of Rubbing Specimens 
Used in Friction Experiments 


volume of transferred material, varied greatly 
with distance from the surface, the penetration 
of the bombarding beam being very low. The 
melt method was acceptable in this respect since 
it gave a uniform activity throughout the speci- 
men but was very laborious in the preparation 
of finished specimens. 

With the advent of neutron piles, however, 
material may readily be activated in a uniform 
manner by exposing the finished specimen to an 
atmosphere of slow neutrons, such as found in 
the uranium pile at the Clinton National Lab- 
oratory at Oak Ridge. 
limited to those which can be produced by bom- 


The choice of isotopes is 
bardment with slow neutrons. However, most 
metals commonly used for bearing or rubbing 
surfaces are suitable for this method of prepara- 
tion although the sensitivity of their detection 
varies markedly. For 


instance, copper and 


chromium can be detected in extremely minute 
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amounts while iron is much less suitable for 
such experimentation. 

Detection Methods 
friction or wear experiment with the active and 
inert specimens, the latter is examined for evi- 


After carrying out the 


dence of transferred metal from the active speci- 


men. This can be done in two ways. One is 


with the Geiger counter which gives a quanti- 
tative measure of the amount of active metal 
welded to the inert surface but little 
information as to its distribution. The other 
means of detection is by placing a sheet of X-ray 
film firmly in contact with the surface to be 
studied and allowing the radioactive particles 
adhering to the inert surface to take their own 
picture. 


vields 


This shows the distribution of trans- 
ferred material and supplements the information 
obtained by counting methods. In the absence 
of a counter, comparative quantitative data may 
be obtained from the density of the photographs 
or autoradiographs as they are called, providing 
that care is taken in the control of exposure and 
development times. 

Using both of these detection techniques, 
some examples are given in the subsequent dis- 
cussion of the type of friction problems to which 
the tracer method can be applied and the light 
that it can throw on the nature of friction. 

Effect of Lubricant —- To study the effect of 
using a lubricant between sliding surfaces, a 
series of friction tests was conducted using a 
laboratory friction apparatus. This consisted of 
two eylindrical steel specimens pressed together 
with their axes at right angles to make contact 
at one point as shown in Fig. 1. The radioactive 
while the inert 
specimen rotated about its own axis so that the 
friction track consisted of a band around the 
rotating member. 


specimen was held stationary 


Figure 2 is an autoradiograph of the tracks 
left by two such tests on a single rotating speci- 
men in the absence of a lubricant. Since the 
film was wrapped around the cylindrical speci- 
men to make the exposure, each track appears 
as a Straight line when the film is unrolled. In 
this case the inert, rotating specimen was a 
superfinished casehardened steel and the radio- 
active cylinder was a hard-chromium plated 
It will be noted that the transferred metal 
is not smeared or in a solid track but appears 
in discrete spots as though there had been indi- 
vidual welds. 


steel. 


Very little surface change on this 
specimen was visible to the eye. This test was 
conducted with clean, dry surfaces. 

Figure 3 shows the results from a similar 
experiment wherein two tracks were made using 


white mineral oil as a lubricant (tracks A and 





thus confirming the hypothesis that friction is due, in 


part at least, to the formation of minute welds 


On the 


basis of results such as those in Table I, it would appear 


that the quantity of metal transfer occurring between 


two 


surfaces is a measure of the tendency of these 


metals toward large-scale galling and seizure, such as 


one observes on failure of a machine part 


Hence, the 


tracer technique may provide a very rapid means for 


evaluating the galling resistance of materials for a given 


application, and thereby reveal their wear.* 


Fig. 2 Autoradiograph of Radio- 


active Chromium Transferred to 
Casehardened Steel Surface During 
the Dry Sliding Friction Tests 


Fig. 3 (Right) Autoradiograph 
of Chromium Transferred to 
Casehardened Steel When White 
Mineral Oil Is Used as a Lubri- 
cant (A and CC) and When 
Oleic Acid Is Used (B and D) 


C). It can be seen that the track 
is much less heavy and also that 
it is considerably less spotty. 
Two other tracks were made with 
oleic acid, but despite the pres- 
ence of this very good boundary 
lubricant, some transfer or weld- 
ing took place (tracks B and D). 


The tracks made with oleic acid do not appear 


very clearly in the reproduction but are quite 
visible on the original negative. A quantitative 
measure of the transfer was obtained with the 
Geiger counter and is shown in Table I for the 
same test conditions. 

Other investigators have shown by a similar 
type of experiment that the reduction in amount 
of material transferred with a good lubricant 
was due entirely to a reduction in the size of 
each weld while the number of welds remained 
They further showed that transfer 
would also take place in the absence of sliding 

merely by pressing the two surfaces together. 

From these and many other experiments of 
a similar type, it has been found that this trans- 
fer of metal from one surface to another always 


the same. 


takes place no matter how good the lubricant 
and is an intrinsic part of the friction process, 


*Bowden and Moore have shown, by following 
the radioactive metal, that certain oil additives will 
chemically react with and remove small amounts of 
metal from a surface exposed to them. Conversely 
Clark, Gallo and Lincoln have studied the film forma- 
tion on solid surfaces made by other types of oil addi- 
tives with the use of a radioactive atom in the oil. 
As these experiments were done in the absence of 
rubbing, they are purely chemical problems and are 
only mentioned here in passing. 


Effect of Surface Hard- 
ness In order to study 
the effect of hardness on 
the microwelding, meas- 
urements of transfer were 
with a 
nitralloy 


made series of 
specimens of 
graduated hardness. The 
geometry of crossed cylin- 
drical specimens was used 
for the friction tests and 
the quantity of metal 
transferred from active 
to inert specimen was 
measured with a Geiger 
counter. These tests were 
carried out with clean 
specimens in the absence 


Table 1— Amount of Transfer From Chromium 


to Hardened Steel Surfaces 





CORFFICIENT TRANSFER, 


MICROGRAMS 


Lupnicant Usep - 
or Friction 


None 1.10 1.5 to 3.5 
White Mineral Oil 0.14 0.10 
Oleic Acid 0.11 0.0001 to 0.01 











of a lubricant. A_ single radioactive specimen 
was used as the stationary member and the 
hardness of the rotating or inert specimen was 
varied. Results of this set of tests are given in 
Fig. 4 and it will be seen that the quantity of 
transfer to the moving specimen increases con- 
tinuously with the hardness of the moving speci 
men. It is interesting to note that the curve 
shows no discontinuity at the point where the 
hardness of the radioactive stationary member 
becomes less than that of the moving specimen, 
from which we must conclude that to some 
extent the transfer occurs in both directions 
simultaneously 

Similar results were obtained with radio- 
active specimens of hard chromium plate and 
nitralloy, although the 
transferred metal were smaller. 


moving specimens of 
quantities of 
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* Probable 
Hardness of 


1S, ) 


Nitralloy Riders 
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Material Transferred, Micrograms 
Ww 








64 68 72 76 80 84 88 92 96 
Hardness of Moving Surface, ISN Scale 
Fig. 4 Metal Transferred From Nitralloy Rid- 


ers to a Series of Moving Nitralloy Surfaces of 
Varying Hardness for a Given Distance and Load 


This is not unexpected, for the chromium was 
somewhat harder, and it has also been observed 
that metal transfer is less when the two surfaces 
are dissimilar than when they are the same. 
All of the foregoing tests were run under the 
sume conditions of load, sliding velocity, and 
sliding distance, while surface finish was care- 
fully controlled. 

The observed trend with hardness further 
substantiates the microwelding hypothesis of 
friction because with increasing hardness of the 
receiving member relative to the donating mem- 
ber of the friction pair, one would expect that 
the welds would be increasingly liable to break 
on the side of the latter, thus leaving greater 
amounts of material on the receiving surface 
The fact that material is transferred even when 
the receiving surface is softer than the donating 
surface shows that the choice of which side of 
the weld will rupture on sliding is somewhat 
random in an individual case and only varies 
statistically with the relative hardness of the two 
While the 
foregoing data show that metal transfer increases 
smoothly with relative hardness of the 


Effect of Material Composition 


receiving specimen, this holds only 
When 
widely different metals are used as the 


when the materials are similar 


Table Il 


varies with the material of the moving specimen. 
These runs were made with white mineral oil as 
the lubricant and the magnitude of the amount 
transferred is therefore appreciably lower than 
was found in the study of the effect of surface 
hardness where no lubricant was used. 

Taking the S.A.E. 1020 steel as a reference, 

the S.A.E. 1119 picked up less material even 
though it was harder. This was probably due 
to the presence of the sulphide stringers which 
would be expected to break up the occurrence 
of the welds and possibly serve also as a solid 
lubricant. The S.A.E. 4027 picked up more 
material than the 1020, as would be expected 
from its increased hardness. The cast iron 
which had a somewhat different composition 
from the cast iron of the donating surface) 
picked up relatively less than its hardness would 
predict, presumably due to the graphite in it. 
This is borne out by the reduced friction. 

The carburized steels showed the most unex- 
pected results. These four steels were the same 
S.A.E. 1020, 1119, and 4027 steels which were 
used in the softened state plus a fourth steel. 
The pickup in all cases lay between 0.10 and 
In other words, carburizing 
reduced the pickup 
despite the increase in hardness. 


0.15 micrograms. 
these steels sharply 
This may be 
due to the high concentration of carbides in the 
surface which would not be expected to weld 
easily to the iron in the cast iron donating 
surface Hence carburizing, in addition to 
reducing wear of the surface being carburized 
through increasing its hardness, also reduces 
the pickup of material from the softer surface 
rubbing and, therefore, 
reduces the incipient galling. 


against which it is 


METAL TRANSFER IN MACHINE ELEMENTS 


In addition to the laboratory results described 
above, the radioactive technique also lends itself 
to the investigation of the mode of action of 


— Metal Transfer From Lubricated Cast Iron 
to Various Receiving Surfaces 





receiving surface, it is found that the 
effect of composition overshadows the 


effect of hardness. The data of Table 


radioactive specimen of cast iron rub- 
bing on a variety of moving specimens 
which are arranged in order of in- 
It will 





creasing hardness in this table. 


MovinG SURFACE 


.E. 1020 46 0.12 | 0.50 
If were obtained with a stationary E.1119 57 
S.A.E, 4027 60 0.12 0.88 
Cast Iron 
Average of 4 
carburized steels 90 0.15 0.13 


HARDNESS, 
15-N SCALE 


- | - 
COEFFICIENT | TRANSFER, 
or Friction | MicroGRAMS 


a7 0.12 0.21 


67 0.10 0.29 








be seen that the quantity of transfer 
does not follow the hardness alone but 


METAL PROGRESS; PAGE 72 


Load, 7 Ib. 


Speed, 1.73 ft. per min. Distance of travel, 104 ft. 
Lubricant, white mineral oil 





sliding parts in actual machines. As an example, 
the action of a piston ring in the cylinder of an 
internal combustion engine can be studied. The 
top ring is activated by irradiation in the neutron 
pile and inserted in the engine in customary 
fashion, the engine run for a period of time 
under specified conditions, and torn down for 
inspection The walls of the cylinder were 
scrubbed clean of loose residue, and a sheet of 
film is slipped into the cylinder and pressed 
firmly against the wall by inflating a rubber 
bladder in the cylinder. 

The resulting pattern of the metal trans- 
ferred to the wall by the piston ring, shown in 
Fig. 5, bears a close resemblance to the com- 
monly observed distribution of wear along 
cylinder that is, the transfer is heaviest near 
the top of the stroke, diminishes toward the 


Fig. 5 Section of Autoradiograph Showing Piston 
Ring Metal Transferred to Cylinder Wall During 
Operation of Internal Combustion Engine, Heaviest 
Wear Being at Top of Stroke (Top of Picture) 


Fig. 6 Autoradiograph of End Milling Cutter After 
Machining Radioactive Steel Showing Build-Up of 


Metal at Cutting Edges. Radiograph enlarged 2.5 x 


middle, and increases again near the bottom 
position. This parallelism between transfer and 
wear suggests that transfer to the other surface 
may be an intermediate step in the formation of 


a loose wear particle Similar tests 


reported 
elsewhere) run under a wide variety of condi 
tions have been a step toward a better under- 
standing of the action of piston rings 

Another application to practical mechanical 
operations is a study of the built-up edge which 
forms on metal cutting tools. In one instance, 
the metal to be cut was made radioactive and 
then machined with a standard cutting tool 
\Autoradiographic examination of the tool tip 
yields evidence as to the nature of the built-up 
edge when fluids are used 


various cutting 


Figure 6 is a rather striking autoradiograph of 


the cutting end of a new eight-flute end mill 
which had been used to cut the end of a radio- 
active steel specimen using carbon tetrachloride 
as the cutting fluid. It will be seen from the 
white patches along the cutting edges that a 
minute built-up edge is present even though 


nothing was visible under the optical microscope 
MEASUREMENT OF WEAR 


A somewhat different philosophy of the 
tracer technique application is not to investigate 
the fundamental mechanism of the friction and 
wear process as has been described so far but to 
use it as a tool for the quantitative measurement 
of wear under standard conditions. As such, it 


may have considerable advantage in certain 
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instances over the conventional methods of wear 
In this cate- 
gory is the work of Pinotti, Hull & McLaughlin 
on the wear of piston rings in an internal com- 
bustion engine. 


measurement employed heretofore. 


They used a piston ring made radioactive 
in the manner previously described, but instead 
of studying the distribution of material trans- 
ferred to the cylinder wall, they measured the 
amount of radioactive material collected in the 
crankcase oil as the run progressed by taking 
samples of the oil at definite intervals. This 
method had two distinct. advantages over the 
conventional method of chemical analysis of oil 
samples for iron. First it was extremely rapid, 
readings being obtained in a matter of minutes 
after the sample was taken from the crankcase. 
Second, by supplementing it with chemical anal- 
ysis of the oil for total iron, the amount of worn 
iron in the oil contributed separately by the ring 
and by the cylinder and other parts of the engine 
could be determined. This is obviously valuable 
in attempting to choose better wearing piston 
ring materials. 

Others have recently shown that it is also 
possible to measure small amounts of wear by 
a procedure somewhat the inverse of the above. 


Quick Patina 
on Copper, Brass 


or Nickel Alloys 


/ defines patina as (a) a film formed 
on copper and bronze by exposure or by treat- 
ment with acids, ete.; a fine natural patina has 
artistic (b) A mellowing or 
softening, as in color, with age or use. 

with the beautiful 
green coloration seen on many roofs throughout 


value. surface 


Everyone is familiar 
the countryside where atmospheric conditions 
Such 
instance, 


are conducive to its formation. patina 


the 
Many architects and owners 


also forms on statuary as, for 
Statue of Liberty. 
are partial to such color effects and would be 
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A very thin layer of the surface is impregnated 
with radioactive atoms, in this case the fission 
fragments from a material being bombarded by 
neutrons. The decrease in the activity of this 
layer as it wears off is studied. The method is 
limited to a given range of thicknesses, in their 
case from 10° to 10¢ in., but is quite sensitive 
in this range. 

While this article does not attempt to cover 
exhaustively the use of radioactive tracer meth- 
ods in studies of friction and wear, it is hoped 
that it may suggest new experiments to other 
workers and so lead to further increase in our 
knowledge of these complex surface phenomena. 
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nautics. neutron irradiation of the 


Clinton 
indebtedness to 


many 


glad to obtain 
which had been colored in the mill, or 


copper for roofing 
would specify that the copper roof is 
to be colored after it is in place, if a 
good rapid process were available. 
Many art 
bowls of 


and 
bronze or 


objects, vases, 


copper, brass, 
other copper alloys may readily be 
colored and the artificial patina will 
be fairly long-lived. Age-old customs 
are burying such objects in the barn- 
yard manure heap or soaking them 
with urine. 

The chemical reactions responsi- 

ble for the natural patina are involved, 

and quite an extensive literature can be found 
regarding the subject. Natural patina seems to 
form most readily on copper, brass, bronze and 
other copper alloys along the seacoast where the 
metal meets a salt atmosphere and a minimum 
of sulphur or sulphur 
which has taken on its natural patina at Atlantic 
City, for example, might, if transferred to the 
atmosphere prevalent in an industrial area con- 
taminated with sulphur fumes, turn black due 
to the formation of copper sulphide. 
ter of fact, it 


compounds. Copper 


As a mat- 
that a 


has been observed new 





copper roof installed in a large city will often 
first turn a dark or blackish color and then, 
after a few years, gradually take on its green 
patina. 

As an illustration within the writer's per- 
sonal observation, a church close to the Harlem 
River in New York City had a beautiful copper 
steeple which had developed the natural color. 
Due to damage by lightning it became necessary 
to repair one side of the steeple. New copper 
sheets were installed which, within two years, 
formed an unsightly blackish section. It required 
an additional 14 years of exposure for the 
patched section to arrive at the point where it 
was difficult to distinguish from the rest of 
the roof. Copper’s affinity for sulphur at first 
prevailed against the oxidizing effects of the 
atmosphere but the sulphur compounds formed 
were ultimately converted to the beautiful green. 

It is the writer’s opinion, based on the 
examination of many exposed installations and 
samples, that all patina, whether natural or 
artificially formed, will ultimately assume a 
color or shade that is determined and controlled 
by the atmosphere to which it is exposed. Dust, 
fume and chemical nature of the atmosphere 
are the major influences. 

Water Pipe — Copper or brass water pipe 
has long been the favorite of builders and own- 
ers of substantial homes. In recent years its 
popularity has increased vastly with the 
advent of flexible, thin walled, seamless tubing 
and easily soldered field joints — all of which 
cuts the labor cost of installation quite mark- 
edly. Potable water in these 
pipes also causes a patina to 
form, an essential factor in 
the corrosion resistance of the 
metallic system. 

In those communities 
where the water supply has a 
low pH (is on the acid side) an installation of 
copper tubing or brass pipe may result in tem- 
porary discoloration of the bathtub or basin. 
This is especially true where a faucet is allowed 
to drip. Soon, however, the pipe will of its own 
This 
coating, once formed on the inner surface of the 
pipe or tube, will then protect that installation 
from further corrosion and no further trouble 
from discoloration should be experienced. 


accord form its natural protective coating. 


Haase, in Germany, devoted considerable 
effort to developing a method of coating the 
inside of pipe previous to its installation. The 
subject has had much attention, especially from 
investigators abroad where water conditions are 
not as well controlled as in this country. Dis- 


By William G. Schneider 


Consulting Engineer 
Milwaukee 


coloration from copper or brass water systems 
in this country is the exception rather than the 
rule, and is usually caused by stray currents 
or by water-softening 


systems, improperly 


installed or operated. Copper and brass, when 
properly installed, have exceedingly high resist- 
ance to corrosion when handling normal water 
supplies. 

Several processes have also been developed 
for artificially producing the green patina and 
some patents have been issued. Such processes 
require considerable manipulation and equip- 
ment, and are difficult and inconvenient to use 
on a copper roof in place. 


QUICK PATINA 


Obviously there would be many advantages 
and much time might be saved if the copper, 
brass or bronze could be so treated that a patina 
would be formed before the metal is installed 
in service, especially in roof, piping, gutters or 
leaders. For ornaments the process to be 
As previously stated, 
this patina will protect the underlying metal 
and will, depending upon the local atmospheric 
or water 


described seems ideal. 


conditions, quickly change to the 
stable coating which would be formed under 
normal conditions. If, for instance, atmospheric 
conditions are such that a pleasing coloration 
will not form but that the metal will ultimately 
turn black, then this artificial patina will also 
turn black and be of no use. 

It is suggested that a solution containing 

1 ib. per gal. of commercial 

cupric nitrate dissolved in 
water be used for brass, com- 
mercial bronze or other cop- 
per alloys where there is an 
appreciable zine content. For 
copper or its low-zine alloys 
a solution containing 0.75 lb. of commercial 
cupric nitrate plus 0.25 lb. of zine nitrate in 1 
gal. of water should be used. 

A test of these solutions may readily be 
made. The metal sheet as it comes from the 
mill (without further cleaning) is heated to 
230° F. (275° max.). In the laboratory a thin 
asbestos pad can be placed over a gas burner 
It can 
be checked for temperature much as a house- 


and the copper sample put on the pad. 


wife checks an iron; when the metal sizzles 
under a wet finger it is right! The solution is 
then brushed or swabbed on. 

It is essential that the temperature be high 
enough so the metal will sizzle when the solu- 


tion is applied, and further that the metal be 
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maintained at this temperature while the solu- 
tion is being applied; otherwise, the results will 
not be uniform on a piece that is not uniformly 
heated. If the temperature is too high a black, 
dirty color will result. However, if this occurs 
the swabbing should be continued and as the 
temperature falls the green patina color will 
develop. The sample may be given several coats 
of solution while still on the hot plate. 

As soon as the sample has taken on the 
greenish color it may be removed from the heat 
and washed with water. The coating will be 
hard and will not rub off on the fingers. 

With a little practice very beautiful results 
may be obtained. Sheets measuring 24 x 36 in. 
have been handled in the laboratory with excel- 
lent results. 

The temperature has been given as from 
230 to 275° F. merely as a guide. It should be 
high enough for coloration, but overheating 
should be avoided so annealing effects are kept 
at a minimum. 

If the metal has a coating of oil or is dirty, 
it is not necessary to clean it, as such adherents 
help to produce unusual effects. 

In practice, large sheets would be sprayed 
as they issued from a heating furnace, using 
several nozzles. It would be necessary to gage 
the heat so that the solution does not quench 
the metal below the point at which the patina 
color is formed. Tubing can be heated with an 
arrangement such as is used on the Snead 
annealer and the solution can be fed to the 
inside of the tube by another smaller pipe hav- 
ing perforations. 

Addition of zine nitrate to the solution is 
not essential for excellent results 
have been obtained when using cupric nitrate 
alone. 


copper, 


Commercial cupric nitrate was found to 
give better results than the technical grade. 

After the formation of the patina color the 
sample may be washed in a solution of 4 oz. of 
sodium hydroxide to the gallon of water. A 
blue color will then result, the depth of blue 
depending upon the length of time the sample is 
left in the solution. If the sodium hydroxide 
solution is too strong, results will be poor; if too 
weak, it will take too long a time to produce 
results. With a 4-oz. solution the time required 
is about 15 min. 


Patina has been satisfactorily formed by 
the foregoing means on nickel and monel as 
well as copper and copper alloys. 


However, the 
manipulation of these metals necessitates some- 
what greater care, because they tend to over- 
heat, resulting in the formation of the black 
discoloration. 
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Samples exposed to an atmosphere such as 
prevails in Washington, D. C., yielded good 
results over a period of three years. Samples 
exposed to salt air at the seacoast had a tend- 
ency to fade but the natural patina quickly 
re-formed. 

It is recommended that anyone interested 
in using the process for other than ornamental 
purposes (indoor exposure) try variations of the 
solutions and temperatures and then conduct 
proper exposure tests. An important point to 
bear in mind is that no patina is permanent 
in its original state for conditions other than 
those under which it is formed. 

The patina formed by the foregoing 
method acts as a stop-gap to corrosive action 
in the time between the erection of the metal 
and the conversion of its surface to the patina 
stable under the conditions under which it must 
serve. In this transition period sometimes as 
the coloration is much 
more uniform and pleasing than when similar 
metal is erected with the ordinary finish given 
to mill products. 6 


long as several years 


The Throne of Dagobert Provides an Excellent 
Example of the Durability of Patina. This an- 
tique bronze chair (preserved at Bibliotéque Na- 
tionale in Paris) dates back to the 12th Century 





Correspondence 


same specimens in a hot, salt- 
free sulphuric acid solution of 
This 


was true for sensitized as well 


identical concentration. 





Age Hardenable High-Nickel Alloys 


CORVALLIS, ORE. 

In the April issue of Metal Progress W. A. 
Mudge reports (p. 529) the age hardening prop- 
erties of various high-nickel alloys. His sum- 
mary, as a statement of facts, is of value for 
users of the materials. However, the research 
metallurgists would like to have some informa- 
tion as to the causes of the age hardening of 
these alloys, at least as far as it can be explained 
by their chemical analysis. 

As quoted in the table of nominal properties 
p. 930) the analyses approach or exceed 100% 
for all the alloys except one. The alloying ele- 
ments might to some extent explain the struc- 
tural hardening of “K” Monel, “KR” Monel, “S” 
Monel and Duranickel (which contain enough 
aluminum or silicon) or of Inconel “X” (which 
has enough titanium) for solution treatments, 
but this reason cannot be given for the aging 
of Permanickel. The titanium present in this 
alloy (0.4%) is low and it is probably tied up 
with the 0.25% carbon, showing as inclusions 
of carbide in the microscope, so that this ele- 
ment has to be ruled out as a 
hardenability. 


cause for age 
The total of the analysis quoted 
comes to 99.63%. It would be interesting to 
know what constitutes the balance. Perhaps a 
figure for magnesium content of these alloys 
would give some clues. 


W. J. Krou 


Consultant 


Passivity of Type 304 


CONSHOHOCKEN, Pa. 

While engaged in a plant investigation, the 
writer had occasion to run corrosion tests on 
three heats of Type 304 stainless steel (18-8) in 
a hot (140 to 180° F.) 15% (by volume) aqueous 
solution of sulphurie acid containing about 
1.25° sodium chloride. In the course of these 
tests, some curious phenomena were observed 
which the writer suspects may be new: 

1. Corrosion rates on specimens from two 
heats supplied by the same vendor were greatly 
reduced (inhibited) in the above solution in 
contrast to the corrosion rates shown by the 


as for annealed specimens. These 

specimens became black during 
exposure to the salt-free acid, and tended to 
remain so in the acid-salt solution. Curiously, 
annealed specimens from a third Type 304 heat 
of unknown manufacture, corroded at a rapid 
rate in the hot, acid-salt solution. 

2. When re-immersed in hot, salt-free, 15‘ 
sulphuric acid solution after having been exposed 
to the hot acid-salt solution, the annealed speci- 
mens of the first and second heats were passive 
and, in contrast to their previous blackened con- 
dition, they soon became clean and bright. A 
sensitized specimen of one of these, likewise 
exposed to the hot acid-salt solution, did not 
become passive and brighten when re-immersed 
in the hot, salt-free, acid solution but, on the 
contrary, resumed approximately its original 
rate of dissolution. The annealed specimens 
from the third heat similarly did not become 
passive upon re-immersion in the straight acid 
solution. 

3. Surface blackening by exposure of these 
stainless steels to the hot 15% sulphuric solution 
prior to immersion in the acid-salt mixture was 
apparently necessary to produce passivity upon 
re-immersion in the hot acid solution. One 
specimen, exposed to the acid-salt solution alone, 
showed inhibited attack but did not blacken; it 
failed to when 
straight 15% sulphuric acid. 

4. Stability of the passivated surfaces of 
these steels in the hot acid appears to be a 
function of solution temperature and time of 
previous exposure to the hot acid-salt mixture. 
One specimen passivated for 1.4 hr. in the acid- 
salt solution remained passive for 3 hr. in the 
straight sulphuric solution at temperatures of 
150 to 170° F.; passivity broke down at 170° F. 
Another remained passive for 70 hr. at tempera- 
tures averaging between 158 and 178° F. after 
exposure for 45 hr. to the hot acid-salt solution; 
passivity in this case broke down above 182° F. 
A third specimen passivated for 118 hr., 


passivate later immersed in 


remained 
unattacked by the straight sulphuric acid solu- 
tion for 24 hr. at 163 to 172° F.; subsequent 
heating of the solution did not break down pas- 
sivity until at least 208° F. was reached, above 
which strong attack ensued. 

The writer suggests the shaky hypothesis 
that the passivation phenomenon exhibited by 
specimens from the two heats of Type 304 
stainless steel is caused by the presence of 
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residual molybdenum in the amounts of 0.18 
and 0.17%, The third heat of 18-8, 
which did not show the passivation phenomenon, 


respectively. 


contains no molybdenum and, although nomi- 
nally of Type 304, is high in carbon (0.09%) 
and chromium (20.90%). On the other hand, 
both annealed and sensitized specimens of Type 
316 (18-12 with 212% Mo), tested under the 
same conditions, showed inhibited attack in the 
acid-salt solution but did not become passive 
when re-immersed in salt-free acid. Perhaps the 
greater corrosion resistance of Type 316 to sul- 
phurie acid prevented the formation of enough 
“corrosion product” to nucleate the passivation 
ones Reep Knox, Jr. 

Research Metallurgist 
Alan Wood Steel Co. 


Chemical Spot Tests 
for Nickel and Molybdenum 


Avrora, ILL. 
Considerable skill is required to identify 
different alloy ranges in mixed steels by spark 
testing even if 
available. 


standard reference pieces are 
We frequently use chemical spot tests 
for nickel and molybdenum. However, we have 
found that sealed and shotblasted surfaces may 
give erroneously high indications for these two 
alloying elements. 

Some months ago we had forgings of 1045 
steel which gave erratic results in heat treatment. 
These were checked for nickel on clean shot- 
blasted surfaces and found to give strong tests. 
Later, the parts were rechecked on ground sur- 
faces and gave no test. No tests were made for 
molybdenum on these forgings. 

More recently another group of parts made 
of 3-in. round 4140 steel gave abnormal hard- 
ness when heat treated. Strong spot tests for 
nickel were obtained on shotblasted surfaces 


but very faint tests resulted on ground surfaces. 
Checking the blasting shot showed no indication 
of alloy. 

These experiences led us to believe that 
nickel was being concentrated on the surface 
of the metal during the time the scale formed 
If nickel is concentrated by scaling, perhaps 
molybdenum is also. We, therefore, took a slice 
from the 3-in. round 4140 steel and two pieces 
of carbon steel and subjected them to scaling 
tests at 1700° F. until about 0.003 in. of metal 
was scaled from each surface. 
tests were made for nickel and molybdenum on 
shotblasted and ground surfaces. 

The table at the bottom of the page gives 


Chemical spot 


the results for these samples as well as for two 
1045 forgings, together with the analyses for 
specified and residual alloys. 

Apparently, scaling during heating for roll- 
ing, forging, and heat treating causes a preferen- 
tial oxidation of iron (similar to that obtained 
in an openhearth furnace) while the less readily 
oxidizable alloys diffuse ahead of the oxidizing 
iron to give an alloy-rich layer just under the 
scale. Shotblasting removes this surface layer 
far more slowly than does grinding or filing. 

The nickel and molybdenum which diffused 
from the 0.003 in. of oxidized metal is probably 
concentrated below the scale in a zone less than 
0.001 in. deep. It must be at least this thin or 
such strong tests would not be obtained by 
scaling off only 0.003 in. of metal. Since residual 
nickel and molybdenum are the rule rather than 
the exception in partially made from 
scrap, the nickel will probably average close to 


steels 


one-tenth of one per cent and molybdenum a 
few hundredths of one per cent. 

The molybdenum spot test we use will 
detect 0.10% but not 0.05°¢. Our nickel spot 
test has a high phosphoric acid concentration 
practically eliminates the 
brown discoloration that 


troublesome 
frequently 
the test when less phosphoric acid is used. A 


which 


confuses 





ANALYSIS 
MATERIAL 
% 


aK Mo 


\0.49 0.03 0.08 | 0.04 


O45 ‘gings 
1045 forgings )0.50 0.10 | 0.04 0.05 





3 in. rd., 4140 0.41 0.17 | 0.86 | 0.17 | 1700 


1'4 in. rd., 1040 0.41 0.11 0.02 1700 


| 
in. flat, 1022 0.19 0.09 0.03 1700 


CHEMICAL Spor Tests 
NICKE! MoLyYBDENUM 


BLASTED 
SURFACE 


GROUND 
SURFACE 


BLASTED 
SURFACE 


Merat GROUND 
Lost SURFACE 


None 
None 
Faint 


No test 
No test 
No test 


No test 
No test 
No test 


Strong 
Strong 
Strong 
Moderately 
strong 
Moderately 
strong 


0.003 in. 


0.003 in. None None Moderate 


0.003 in. None None Moderate 
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0.20% Ni content gives a faint but readily 
recognized test but 0.10% will usually give no 
indication. 

The solutions and procedures employed in 
the molybdenum test are: 


Solution No. 1 
25 mil. distilled water 
20 mi. concentrated nitric acid 


5 ml. 85% phosphoric acid 


Solution No. 2 

10% hydrochloric acid 

Solution No. 3 
stannous chloride 
35 ml. concentrated hydrochloric acid. 
Dilute to 100 ml. with distilled water, 
add a few pieces of metallic tin, keep in 
a dark bottle. 


97 
oo”) ££. 


Solution No. 4 


5 g. sodium thiocyanate 
95 ml. distilled water 


Two drops of No. 1 are placed on the cleaned 
metal surface, followed a short time later by one 
drop of No. 2. When reaction seems complete 
a drop of the solution is transferred with a glass 
stirring rod to a piece of filter paper. One drop 
of No. 3 is placed on the spot followed by one 
drop of No. 4. The formation of an orange halo 
around the spot indicates the presence of molyb- 
denum. This halo is larger and deeper colored 
with higher molybdenum concentration of the 
metal Except that it acts somewhat 
more slowly, it frequently works equally well to 
start with a mixture of No. 1 and 2. 


tested. 


Only two solutions are needed when mak- 
ing the test for nickel. 


Solution A 

100 . distilled water 

300 . concentrated nitric acid 

350 . 85% phosphoric acid 
Solution B 

i g. dimethylglyoxime 

60 ml. glacial acetic acid 

30 ml. ammonium hydroxide 

10 g. ammonium acetate 


One or two drops of A are placed on the 
cleaned metal surface. When bubbling practically 
stops a small piece of filter paper is placed on 
the spot and a drop of B is added to the wet spot 
in the filter paper. Formation of a red color 
indicates the presence of nickel. 
for 0.206 


It is faint pink 
Ni to bright red for 2.00% or more. 
If the spot remains white, the amount of nickel 
present is likely to be well under 0.20%. 
ELMER H. SNYDER ARTHUR H. KLEIN 
Chief Metallurgist Chemist 
Austin-Western Co. 


Etching of Titanium 


Unpana, IL. 

It is difficult to develop the structure of 
titanium for microscopic examination. The lit- 
erature advises hydrofluoric acid solutions for 
etching, but our experience indicates the follow- 
ing method of preparation is superior: 

1. Manual polish through the usual 0000 
papers. 

2. Electrolytic polish in a solution of one 
part perchloric acid plus 20 parts of acetic 
anhydride, with a current density of 1 ampere 
per square centimeter; 4 min. in the bath at 
40° F. or below. 

3. Etch in vigorously boiling 1% 
solution for 4 min. 


sulphuric 


It is imperative that the specimen be etched 
promptly following electrolytic polishing. Stand- 
ing for a few hours passivates the surface so 
that an adequate etch is not produced. Since 
the etching reaction is essentially one of solution 
of the metal, it produces some slight relief, and 
oblique illumination often enhances the contrast 
between individual grains. 

Hous P. LEIGHLY 
Olin Industries Fellow for Titanium Research 
University of Ilinois 


Hysteresis, a Ghost! 


PitTspunGH, Pa. 

Meet Hysteresis, our watchdog on duty in 

3° silicon steel. When we found him, he was 
blind so we gave him an eye, and now he is 
guarding against an influx of coercive gremlins. 
Pedigree? Your gauss is as 
Picral etch 2000. 
A. G. Lee and H. S. Link 

Research Laboratory 

Carnegie-Ilinois Steel Corp. 


good as ours 


ouch!). 


“ti 
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Hardness Scale 


Selector for Steel 


A. CURATE HARDNESS MEASUREMENT IS depend- 
ent upon several factors, one being that the 
thickness of the specimen must be great enough 
so that only the metal of the specimen is tested 
When 
the penetrator makes a pronounced mark on the 


and not metal of the supporting anvil. 


opposite side of the specimen (“anvil effect’), 
it is an indication that the true hardness test of 
the specimen is not registered. It is essential, 
therefore, that the hardness test specified or 
used for inspecting any part be compatible with 
the section thickness tested. 

To provide some means of selecting suitable 
hardness scales, the chart shown 
on p. 80-B was prepared by Pratt 
& Whitney Aircraft division of 
United Aircraft Corp. 
only to parts of nominally uni- 


It applies 


form metallographic structure 

not carburized or decarburized ) 
and of nominally uniform hardness throughout. 
Other factors such as necessary width, degree 
of surface refinement and contour of surface 
that is, plane or curved) have not been taken 
into account, it being assumed that these condi- 
tions are those which are required for accurate 
hardness testing. 

The curves are based on the depth of inden- 
tation caused by the hardness test, as calculated 
from information contained in “A.S.M. Metals 
Handbook” and “Hardness and Hardness Meas- 
by S. R. 
mulas supplied us by Wilson Mechanical 
Depth of indentation 


urements”, Williams and for- 


Instrument Co. 


ness and test was multiplied by 
ten to mark the minimum thick- 
ness of steel of that hardness 
that can accurately be tested by 
that method. For example, the 
sum of major and minor inden- 
tations for Rockwell C-30 is 
0.0070 in.; 10 0.0070 0.070. 
C-30 is approximately equal\ to 
Plot 0.070 against 302 (Point X). 
To improve the usefulness of the chart, 


Vickers 302. 


approximate conversion values* are given along 
the curves. 

The use of the chart is explained on the 
chart itself (p. 80-B). 
ness test for a thin part or piece of stock should 


A properly selected hard- 


result in a penetration which does not produce 
a pronounced anvil impression on the underside 
of the specimen. Although this is a sign that 
the penetration has not been too deep for the 
thickness being tested, it has been observed that 
when a very slight mark is visible on the under- 


side, accuracy of the reading 


By E F Bradley is not affected significantly. 
Assistant Engineering Metallurgist 
Pratt & Whitney Aircraft 
East Hartford, Conn. 


Actual hardness tests by 
the Materials Control Labo- 
ratory of Pratt & Whitney 
Aircraft on six months’ re- 
ceipts of soft steel sheet and 
strip of varying thicknesses verified the chart in 
DPH 80 to 250). 


on steel specimens of varying thicknesses and 


the low range Random checks 
covering a greater range of hardness showed a 
very close agreement with the calculated values. 
The chart has been used by the materials labo- 
ratories, the design department and the inspec- 
tion department of Pratt & Whitney Aircraft for 
about five years to select proper hardness test 
methods for steels and as an approximate hard- 
ness conversion chart. =] 


Hardness Scales Included on Chart 





caused by the minor as well as the major 
Rockwell 
tests, since total penetration is the sum 
Authorities agree that steel 


load was determined in the 


of the two. 


is affected to a depth approximately ten 


MACHINE 


Brinell 


Vickers (DPH) 


Masor Loap TYPe OF PENETRATOR 


3000 kg. 10-mm. tungsten 
carbide ball 
3000 and 1000 10-mm. hard steel ball 


50, 30, 10, 1 kg. Diamond pyramid 


times the actual depth of penetration, so Rockwell standard (10-kg. minor load) 


Scale C 150 kg. 
Secale A 60 
Seale B 100 
Scale F 60 


the indentation figure for a given hard- Diamond brale 
Diamond brale 
-in. steel ball 


-in. steel ball 


*Based primarily on the joint A.S.M. 
A.S.T.M.-S.A.E. hardness conversion tables 
(p. 98 and 99, “A.S.M. Metals Handbook”, 
1948 edition), modified slightly according 
to conversion charts prepared by Wright- 
Patterson Air Force Base, Wilson Mechan- 
ical Instrument Co., and information from 
hk. H. Heyer of Armco Steel Corp. 


Rockwell superficial (3-kg. minor load) 
Scale 30N 30 kg. 
Scale 15N 15 
Scale 30T 30 
Scale 15T 15 


Diamond brale 
Diamond brale 
-in. steel ball 
-in. steel ball 
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DUCTILE IRON 


replaces steel 


IN SHAFTING 


| 28% less than that 
) of forged steel shafts 





finished cost 


DUCTILE IRON is a cast ferrous prod- Typical Current Applications: 
] uct that combines the process ad- Axle housing for road machinery, 
— vantages of cast iron along with steel rolling mill bearings, chain 

oe many of the product advantages of _— swivels, diesel cylinder heads, 


DUCTILE IRON FORGED STEEL cast steel. grates, pipe fittings, rails, etc. 


In less than two years, ductile AVAILABILITY: Send us details of 
COOPER-BESSEMER CORP., 


Bde. Vernen, Glide, adented due iron has attained wide acceptance your prospective uses, so that we 
tile iron generator shafts to because it offers excellent castabil- may suggest a source of supply from 
replace those of forged steel. 
Corresponding changes in de- good machinability. Parts cast im producing ductile iron under patent 
sign and dimensions are shown 
above. ductile iron show superior strength, licenses. Request a list of available 
Ductile iron provides unus- 
ual advantages. Its tensile : 
strength runs between 83,000 CaeneEe the coupon now. 
and 94,000 p.s.i. as cast, on test 
bars cut from a full diameter 
extension on the small end. Un- | {The Ineratonal ick Company Ine y 
like forged steel, which is a 
product obtained from outside Please send me a list of publications on: DUCTILE IRON 
sources, ductile iron shafts are 
cast as well as machined in the Name Title 
company’s own plant. They 
make possible a low finished Company 
cost ... 28% less than that of a 
forged steel shaft made to the Address 
dimensions shown above. 


ity, high mechanical properties and some 100 authorized foundries now 


high modulus and excellent shock publications on Ductile Iron... mail 





: 


a a ee eee ee 








City 


THE INTERNATIONAL NICKEL COMPANY, INC. wew'vor's xy 
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SHOCK ABSORBERS OF SHARON? steel 


IRON OUT BATTLEFIELDS FOR AMBULANCES 


The steel used in this shock ab- the rough battlefield terrains 
ye) d olla Maloliallale ME) digelelecl isle lam smoothly and without mechan- 
Teel )(ollsMaeldolelaNti-1-1me(-11hZ-1¢-10| ical failure. The heavy duty shock 

in strip form to facilitate faster a TM oe 


production methods elt tme lala sd -1aue koMaalelalthiclaitia-miat| 


product in the amounts needed 


What makes this steel important requires great tonnages of strip 
is the product. The armed services steel, much of which is being sup- 


need ambulances that can travel plied by Sharon Steel Corporation. 





* Specialists in STAINLESS, ALLOY, COLD ROLLED and COATED Strip Steels. 


SHARON STEEL CORPORATION 
Sharew, Feonneyloania 


: aS 


oe 


DISTRICT SALES OFFICES 


For information on Titanium Developments contact Mallory-Sharon Titanium Corp., Indianapolis, 6. 
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REDUCE WASTE... 


FROM LADLE 


. in research and production ... 
save materials and manpower... 
with the Bausch & Lomb complete 
line of metallurgical equipment 


C B/) RESEARCH METALLOGRAPH— See it... photograph 


\/_ it... four ways! Four different accurate images of the 


same sample, for more complete identification. Exclusive, 


patented B&L features permit critical work with bright 


field, dark field or polarized light . . 


. with quick, 


easy change-over. For phase contrast work B&L 
accessories are simply, speedily attached. The 
“maximum use” instrument for visual observa- 


tion and photomicrography. Catalog E-240. 


\ Jp / puoromicrocrapnic 
\ EQUIPMENT MODEL L— 
With proper accessories 
this one unit provides vis- 
ual microscopy, high and 
low power photomicrog- 
raphy, as well as photo- 
copying. Catalog E-210. 
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CM METALLURGICAL 
MICROSCOPE — For examina- 
tion of opaque objects, 
polished metal  speci- 
mens, similar materials. 
Catalog E-223. Tri-Vert 
Illuminator (optional) 
provides bright field, 
dark field, or polarized 
light. Catalog D-108. 


80-D 


; &/ NEW! BALPHOT METALLOGRAPH— The econ- 


STEREOSCOPIC WIDE 
FIELD MICROSCOPES —Inval- 
uable in preparation of 
polished metal  speci- 
mens, study of fractures, 
porosity, macro-etched 
specimens and other low 
power metallurgical 
studies. Catalog D-15. 


WY Bausch & Lomb 


omy of limited capacity instruments, 
with bright field, dark field or polarized 
light and phase contrast . . . and many 
other advantages of the highest-priced 
metallographs. Quick-action stage ele- 
vating device eliminates coarse adjust- 
ment. Bright, magnified screen images 

. ideal for grain size determinations 
and group viewing. Catalog E-232. 
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Strength of 


Pure Molybdenum 
at 1800 to 2400'F. 


Tu: 


having satisfactory properties when over 1800° 


PRESENT NEED for engineering materials 
F. has caused all promising materials to be 


thoroughly investigated. Molybdenum is one 
such; it is tough, dense, refractory; it melts at 
$750° F. However, it has never been 
considered suitable for use at elevated temper- 


than in a 


or above 


controlled 
atmosphere because of its poor oxidation resist- 


atures other vacuum or 


ance. Coatings have recently been developed 
that protect molybdenum from oxidation, and 
this will change the outlook. 

Since little information is recorded concern- 
ing its strength properties at high temperatures, 
National 
Advisory Committee for Aeronautics. The work 
was reported in Technical Note 
2319 by the present authors, and 


an investigation was started by the 


the present article is drawn from 
that document. 

Ductile molybdenum is now 
being economically fabricated by 
powder metallurgy methods and 
by are casting. Our study was 
on metal fabricated by powder metallurgy as 
follows: Pure cold 
pressed into bar compacts and then sintered in 
a reducing atmosphere at temperatures near the 
melting point. Sintering is hot 
Swaging and 
other reduction methods, performed hot, are 


molybdenum powder is 


followed by 
swaging and drawing or rolling. 


supposedly below the recrystallization temper- 
ature and therefore impart beneficial cold work- 
ing effects which result in high strength and 
ductility at room temperature. 

We Metal 
from one source originated as “ingots” weighing 
5 kg. 
24 in. 


used metal from two sources. 


11 lb.) and measuring 1% in. square by 


long. Manufacturer’s analysis showed 


0.01% iron, 0.015% nonvolatiles, balance molyb- 


denum. Eight ingots were swaged to 4 in., ‘% 


in., }} in. and 1 in. diameter, representing cross- 


sectional reductions of 96, 85, 70 and 38%. 


By Roger A. Long, 
K. C. Dike, and H. R. Bear 


Lewis Flight Propulsion Laboratory 
N.A.C.A., Cleveland 


Source B 
24-in. ingots weighing a little over 
3 Ib. 0.005 % 
0.003 % molybde- 
num, from which rods ‘2 


prepared 4X %% xX 


analyzing iron, 
carbon, balance 
and '4 in. 
diameter were swaged, representing 
ingot of 44 and 


reductions from 


86° respectively. 
From these rods test specimens 
The 


ground to 


were cut as shown in Fig. 1. 
were 
to 16 
mean square in microinches). 
Structure of 
swaging of sintered molybdenum bars super- 
hot and cold 
complex structures. Although initial swaging is 
a high-temperature, manually operated forging 
operation with a reheat after each 10 to 15% 
reduction, and each reheat is at a progressively 


lengths 


gage 


smoothness of 5 rms. (root 


Bars Initial 


imposed working, resulting in 


lower temperature, a limited amount of actual 
cold work occurs. 

Continued working in the reduction of the 
l-in. to the ‘%-in. bars 


greatly improved the 


metal’s homogeneity; however, structural varia- 
bles were not completely eliminated. 

Figure 2 shows a typical cross section of a 
l-in. bar, as swaged. Because swaging imparts 
greater deformations near the surface than at 
the center, recrystallization probably occurred 
the part of the 
bar during one or 
the reheats. 
ing broke 
formed 


near outer 
more of 

Further swag- 
down these re- 
grains, whereas in 
the center the deformation 
was The 


because 


cumulative core 


is noncircular the 
bar was swaged from a rectangular ingot. 

An example of a strain gradient is shown 
along a radius at 7 o'clock. During swaging no 
recrystallization occurred in the central portion. 
The half 
critical limited 


very large grains indicate 


with 
recrystallization. 


way out 


strain deformation after 
The fine grains near the sur- 
the 


higher magnification indicates severe fragmen- 


face are different from those in core, for 


tation during working. Adjacent grains in the 
large-grained area that received similar amounts 
considerable 
the which 
probably originated from prior grain orientation. 


of deformation show variance in 


strain markings under microscope, 


The core of this sample has the smallest 


grains encountered in this investigation, very 


similar in size to that of the ingot after sinter- 
a mul- 


ing and before swaging. It also contains 


titude of very fine pores, their number always 
SEPTEMBER 


1951; PAGE 8&1 





Elongation 
Notches 
Short-Time Tensile Specimens 


- 


Stress - Rupture 
Specimen 
Fig. 1 Test Specimens. Elongation marks were 
scribed as shown; elongation at fracture was 
measured after reassembling broken specimen 


decreasing from the bar’s center toward the 
circumference. 
As-swaged structures of the %2-in. bars 
were of two general types, and neither contained 
a core area. One was small grained throughout, 
whereas the other was large grained through- 
out. In both types the larger grains were found 
near the surface. These variations of structure 
are believed to have originated in the size of the 
original particle of powder, or to have been 
introduced by the swaging variables. 


INFLUENCE OF SPECIMEN SIZE AND LOCATION 


In swaging, the metal adjacent to the sur- 
face receives more work than the metal in the 
center of the bar. If this imparted considerably 
different mechanical properties to the material 
in the center, the data obtained from a small 
tensile specimen would not be representative of 
the entire cross section of a larger bar. 

To determine size effects, a }1-in. bar was 
chosen because it had been swaged a sufficient 
amount (70°) so the working effect reached 
the center, because specimens of smaller size 
could readily be cut from it, and because it 
recrystallized 2400° F. (the 
temperature of this series of tests). 


above maximum 
It had a 
typical structure consisting of elongated, severely 
strained grains, slightly more “fibrous” near the 
circumference of the bar, but fairly uniform in 
size and shape across the diameter of the bar. 
Figure 3 is a typical structure after testing at 
2200° F. it having been unchanged from that 
of the original as-swaged bar. 
Tensile bars with test sections 4s, 14, *4 and 
14 in. in diameter were cut from the above, 
representing 3, 13, 29 and 51% of the original 
cross section, and each size was tested at 1800, 
2000, 2200 and 2400° F. Strengths varied within 


METAL PROGRESS; PAGE 82 


a range of about 3500 psi. at both room and 
elevated temperatures, which range is within 
material variations. If a difference in strength 
does exist from the center to the outside, it is 


too small to detect. Actual figures are: 


TEMPERATURE MAXIMUM MINIMUM 


90,550 psi. 87,680 psi. 
33,650 32,500 
29,700 26,700 
28,500 25,650 
27,350 23,700 


{oom 
1800° F. 

2000 

2200 

2400 
No difference in hardness was perceptible 
from the center to the circumference of the 
Rockwell A hardness readings 
varied from 53.5 to 56.0, with no definite pattern. 
The effect upon ductility could not be deter- 
mined from the elongation values because the 


swaged bar. 


ratio of length to diameter of test section varied 


from 2.5 to 6. Because 
fracture type, tensile strength, and hardness did 
not vary appreciably with test-section area, it is 
believed that ductility would also remain essen- 
tially constant. 


Fractures were similar. 


Transverse View of 1-In. Swaged 


Showing Flow Lines. 3 


HIGH-TEMPERATURE FURNACE 

It would be well to brief 
description of the furnace for making such high- 
temperature tests as just noted. 
shown in Fig. 4. 


pause for a 


A drawing is 
All metal parts used within 
the heating zone of the furnace were fabricated 
from Inconel X. 

rapidly in air at 


Because molybdenum oxidizes 
1200° F., a metal tube was 


placed around the tensile specimen, and a 








sufficient flow of helium introduced to exclude 
excessive oxygen. For stress-rupture experiments 
a protective atmosphere of argon gas and Haynes 
Stellite No. 25 alloy grips proved satisfactory, 
since an atmosphere-protection tube was placed 
around the rupture specimen and recessed at 
both ends into the grips. This afforded constant 
atmosphere protection while the specimen was 
elongating. 

Preliminary rupture testing with Inconel X 
grips and helium gas for a protective atmosphere 
proved unsatisfactory. Severe corrosion of the 
molybdenum occurred where it was in contact 
with or closely adjacent to the Inconel X in an 
atmosphere of helium. 

Temperature of the specimen and the fur- 
nace was controlled by a thermocouple placed 
against the test section. 
tained to 


Temperature was main- 
=“3° F. in the tensile tests, 
the stress-rupture tests. 


=5°F. in 
Preliminary tests with 
four thermocouples showed a maximum varia- 


Typical Microstructure at 150 
5 Diameters of Bar Hot Swaged 
After Testing at 2200°F. 


Fig. 3 
and 2 


70%, 


tion of =3 over the gage length of the test 
specimen. 

It took from 1%, to 2% hr. to reach tem- 
peratures of respectively 1500 to 2400° F. in this 
furnace, and specimens were soaked for 30 min. 
Loading rate in the short-time tensile tests was 


Helium Tube 


Extension Arm = 


~ 
Air Cooling Tube for Pin XY 


-Glass Woo! 
Furnace 

£ . ; 

Pin oe : se ' - ] 











Collet 


FeV TTY 


Thermo 
Al mosphere couples 
Protection 


Tube 


Piatinum 
Heating 
Element 


Specimen 

















Glass Wool 




















——s 





Air Cooling Tube For Pin —Z 


Fig. 4 Apparatus for High-Temperature Ten 
sile Tests. Furnace has firebrick covers on 
both ends. Metal parts are of Inconel X 


about 2500 Ib. per min 
Above load, the 


increased as rapidly as 


up to the yield point. 


this rate of loading was 
possible to eliminate 
possible short-time stress-rupture factors and 
to prevent serious deformation of the gripping 
mechanism. Since the rate of strain beyond the 
yield point was not controlled, the elongation 


values are probably influenced by this factor 
EFFECT OF RECRYSTALLIZATION 


from the second 


source (44 reduced by swaging) were machined 


A series of 4.-in. bars 


into tapered test bars with ‘4-in. diameter test 
Half were tested in the condition as 
received; the other half after recrystallization 
(heated 48 hr. at 2400°F.). Reerystallization 
has a detrimental effect upon the ultimate tensile 


section. 


strength both at room and elevated temperatures 
(Fig. 5). Figures alongside test points repre- 
sent per cent elongation in 1.5 in. It will be 
noted that the recrystallized bars had practically 
no ductility at room temperature and broke with 
fracture Type 5 (see Fig. 12). As-swaged speci- 
mens tested at room temperature had fair elon- 
gation, even though the nature of the fracture 
was either Type 5 or 6 (Fig. 12 and 13), and 
they retained good values at high temperatures. 
Recrystallized bars had 
tested at 1500 to 2000° F. 


(Fig. 9), 


good ductility when 
with fracture Type 2 
but elongation fell sharply at higher 
temperatures. 


It appeared, therefore, that recrystallization 
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Fig. 5 Effect of Recrystallization 
on the Ultimate Strength and Elon- 
gation in 1.5 In. of %4-In. Test Spec- 
imens Pulled at High Temperature 


lowered the tensile strength of molyb- 
denum at all temperatures. Recrystal- 
lized metal was quite ductile at elevated 
temperatures but extremely brittle at 
room temperature. Recrystallized metal 
exhibited an intergranular fracture at 
room temperature; from 

1500 to 2000° F. fracture 


was sluggish because the degrees of “effective” cold work 
varied considerably. (By “effective” is meant the 
amount of cold work that induces recrystallization 
which in turn affects the strength properties. ) 

We have two structures to examine in the larger 
bars: First, the core, which was converted to a well- 
equiaxed grain of somewhat smaller size within 24 hr. 
at 2800° FP. Second, the large grains just outside the 
core did not change much in shape, area or contrast 
when viewed at 13 and 150 diameters, but after 24 hr. 
at 2800° F. the severe strain markings so prominent 
in the as-swaged grains almost disappeared. The 
absence or near absence of these markings indicated 
either recrystallization or stress relief. Recrystalliza- 
tion is always evident, microscopically, by grain 
re-formation; however, the large grains did not re-form, 
as remarked above. 

In a further attempt to classify these large reheated 
grains, a microhardness survey was made with Knoop 


> ar % ke ‘ . , 
indenter and 2-kg. load: Knoop Haneness Nuwene 


Severely strained, as-swaged grains 220 
Same, after 24 hr. at 2800° F. 212 
Smooth, as-swaged grains 209 
Same, after 24 hr. at 2800° F. 213 
Recrystallized grains 184 


A rather complete micro- 





was predominantly trans- 
granular; above 2000° F. 
the fracture reverted to 
the intergranular type. 
Preliminary recrystal- 
lization studies were lim- 


th 
A 


ited to 1 hr. at tempera- 
ture. The temperatures 


7 


were lowered and heating 
periods lengthened to a 
maximum of 75 hr., to 


nun 


w 
ie) 


simulate possible  high- 
temperature service con- 
ditions. Recrystallization 


*Lines for titanium car- 
bide from N.A.C.A. Technical 
Notes No. 1911 and 1915. 
Incone’ X (N.D.R.C. 99) is a 
70-15-7 Ni-Cr-Fe with 1.0% 
Cb, 2.5% Ti, 0.7% Al, 0.20% 
Cu, 0.08% C, 0.65% Mn, 
0.50% max. Si. Data are 
from book issued by Inter- 
national Nickel Co., Jan. 
1949. Alloy 422-19 (N.D.R.C. 
12, or Haynes Stellite No. 30) 
is a cobalt-base alloy with 
26% Cr, 15% Ni, 6% Mo, 
2.0% max. Fe, 0.40% C, 0.5% 
Mn and 0.5% Si. Data are 


Limiting Range of 


Ultimate Tensile Strength, |OOO Psi. 
nN w 
@ to 


\ 
Sy 





l2 


graphical study of the 42-in. bars 
was made. These bars in longi- 
tudinal section consisted of elon- 
gated grains, almost all of which 
were covered with strain mark- 
ings in the polished and etched 
section. Two varieties were noted 


Fig. 6 Relation of Amount of 
Swaging to High-Temperature 
Strength and Ductility (Elongation 
Noted in %) of Pure Molybdenum 








Swaged 96 % \ 


tanium Carbide +20% 
Cobalt 








from book issued by Haynes 


| 
Stellite Co., 1948. 1500 1600 
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2/00 2200 2300 2400 
Temperature, °F. 








in the as-received stock: 25 





yne was predominantly 
fine grained, the other 
was coarse grained. Re- 


crystallization began in 


Molybdenum 
7 + 


straight-line plot, and 
therefore also did not re- 


1800° F ‘ . 
$ ‘ crystallize during high- 


temperature’ testing 


(Auxiliary studies showed 





the fine-grained structure 
after 1 hr. at 2000° F. and 
was complete except near 
the surface of the bar 
after 20 hr.; the coarse- 
grained structure re- 
quired 20 hr. at 2000° F. 
for beginnings of crystal- 
lization to be noted, and 
20 hr. at 2200° F 
quired for its completion. 


. Was re- 


Recrystallization consist- 





ently began in the bar 5 


Cast 2/(Vitallium) — 


its 1-hr. recrystallization 
temperature to be about 
2500° F.) 
all Type 1 


gations, 


Fractures were 
Fig. 8). Elon- 
though good, 
were less than those re- 
corded for the larger bar. 
The bar swaged 85% 

and tested with a %4-in. 


section showed a_ rapid 
drop in strength between 
2000 and 2200° F. 


less rapid drop as 2400 


and a 








center and progressed to 
Under the 
microscope the recrystal- 


the surface. 
Fig. 7 
lized sizes 


grain are 


closely similar to, and 
some of the 


directionalism of, the as- 


also retain for longer times: 
swaged grain sizes. 

Often a small but varying amount of simi- 
recrystallize. 
Because such areas appear to have been severely 


larly fragmented areas did not 


fragmented, they should re-form readily, but 
much higher temperatures and soaking times 


were necessary to recrystallize them. 
HIGH-TEMPERATURE STRENGTH 


Figure 6 gives high-temperature, short-time 
tensile tests on bars swaged various amounts. 
It will be observed that a %%-in. test piece cut 
from a l-in. bar (swaged 38% from ingot size) 
is considerably weaker at room temperature 

73,000 psi.) than others swaged more heavily. 
From 1800 to 2400°F. its strength was also 
about 20% less than the bar swaged 70%. The 
uniform decrease in strength with increasing 
temperature indicated 
recrystallization. Ductility was very good at 
1800° F. or From 75 to 100% of the 
test specimen’s cross section consisted of the 


absence of effective 
higher. 


central core of fine-grained material, similar to 
that shown in Fig. 2. The grains were rather 
a mixture of fine, strained and frag- 
mented grains with only slight directionalism. 
Recrystallization indicated a 1-hr. 
recrystallization temperature of approximately 
2825 


uniform, 
studies 


F. for such material. 
Figure 6 also shows that the bar swaged 


70% and tested with a “*x-in. section has a 


iO 20 30 40 50 60 70 8 90 100 F 
Rupture Time, Hr 


Stress-Rupture 
Wrought Molybdenum 
in Comparison With Several High Alloys. 
Three test results for 
116 hr. at 19,500 psi., 
and 141 hr. and 267 


. was approached. This 

rapid rate of change of 
%-In. strength 
1800° F., the “effective” 


Life* of 
Bars at 


was caused by 
recrystal- 
lization of the metal dur- 
ing testing. Its ductility 
was good at 1800 to 2200° 
F., but fell off consider- 
ably at 2400° F., where it had Type 4 fracture 
(Fig. 11). 

While the material swaged 96% 


molybdenum are 


hr. at 19,000 psi 


and tested 
in ¥-in. section recrystallized similarly, it has 
uniformly high ductility (elongation). Its elon- 
gation at room temperature (26.3% ) is especially 
noteworthy since the other three series of bars 
with lower reduction by swaging had practically 


no elongation at 70° F. 

*Epiror’s Nore This line is unusually flat in 
slope. Furthermore, it is considerably higher than 
the results reported by Parke on p. 95 of Metal 
Progress for July 1951. 

Vitalllum (Haynes Stellite Alloy 21, of 
N.D.R.C. 10) is cobalt base and contains 0.3% C, 
1.0% Mn, 0.6% Si, 2.0% 
Mo and 2.5% Ni. 

X-40 (Haynes Stellite Alloy 31, or N.D.R.C. 71) 
is also cobalt base and contains 0.5° C, 0.6% Mn, 
0.7% Si, 1.5% Fe, 2.5% Cr, 5% W and 
10.0% Ni. 

Data for both the above are quoted from Haynes 
Stellite Co.’s 1948 publication “Haynes Alloys for 
High-Temperature Service”. 

73-J is an experimental casting alloy, cobalt 
base, containing 0.73% C, 1.0% Mn, 23.0% Cr, 6.0% 
Mo, 6.0% Ni and 2.0% Ta. 

Cast 8-816 (N.D.R.C. 76) is 
stronger than when forged. Its chemical analysis 
is 0.40% C, 0.6% Mn, 0.3% Si, 20.0% Cr, 3.0% Mo, 
1.0% W, 20.0% Ni, 45% Co, 4.0% Ch, balance Fe. 

Data for 73-J and S-816 are quoted from Grant, 
Frederickson and Taylor, The Iron Age, March 18, 
1948, p. 73. 


max. Fe, 27.5% Cr, 5.5° 


max. 


considerably 
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Fig. 8 Type 1, Pin-Point Fracture; Trans- 
granular With 70 to 90 Reduction in Area. 
In Fig. 8 to 13, test pieces are about full 
size; micros of fractured region 150 x 


This evaluation of as-swaged molybdenum 
had 
all 


tem- 


indicates that swaging between 70 and 96% 
effect at 
below 


on tensile 
the 
The effect of swaging upon lowering 


a negligible strength 


temperatures recrystallization 
perature. 
the temperature, 
pronounced and limits the usefulness of molyb- 
denum at 


recrystallization however, is 


higher temperatures. Increased 


swaging reduction decreases room-temperature 


brittleness, but only if the swaging adds 
tive” cold work to the metal. 


“effec- 


STRESS-RUPTURE IN 100 HR. 


Stress-rupture tests were conducted at 1800' 
test Fig. 1) 
diameter bars (swaged 85% 


F. on pieces cut from }2-in. 
from ingot). 
Results are shown in Fig. 7. 

The 100-hr. tem- 
perature of this material was in excess 


of 1800° F.; 


recrystallization 


therefore, this variable did 
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not affect the evaluation of as-swaged metal in 
(267 hre.). 


»-in. bars from the same 


the longest heating period 

Another lot of ! 
source Was also tested for stress-rupture. This 
material was heterogeneous; 


cold 


from 


extremely some 
shuts. 
to 


between 


bars contained hollow pipes and 


Micrograins were mixed in size, fine 


large, but no evident relation existed 


amount of fine grains and rupture life. 


Fig. 9—-Type 2 Fracture; Approximately 
45° Shear, Either Transgranular or Inter- 
granular With 10 to 40% Reduction in Area 


zi2 


The 
rupture life 


value of 19,300 psi. for the 
at 1800°F., taken 
rithmic plot, could easily vary 
of the 
rupture one 


100-hr. 
from the loga- 
+300 Ib. because 
and because 


be 


occurred 


the slight slope of curve 
life at 


reproduced. 


any stress could not 


closely Scattered values 


Fig. 10 (Right) Honey 
combed Tear; Predominantly Transgranular 
With 50 to 99% Reduction in Area; Left Is 


lorn or Honeycombed Surface Along Test Piece 


Type 3. Fracture; 








at all loads for ull metal evaluated. Metallo- 
graphic examination did not reveal any appre- 
ciable deviation in crystal structure. 

It is important to remember that the good 
values in Fig. 7 are for as-swaged metal only. 
After recrystallization, its 100-hr. strength 
dropped to 10,000 psi. —— practically half. 


DIRECTIONAL PROPERTIES OF PLATI 


Rolled '4-in. molybdenum plate is an aniso- 
tropic material, but is strong and ductile in both 
the transverse and longitudinal directions. At 
all temperatures up to 2000°F. the tensile 
strength in the direction transverse to rolling is 


somewhat 


greater than in the longitudinal 


Fig. 11 Type 4 Fracture; Tear; Predom- 
inantly Transgranular With Approxi- 
mately 40% (Max.) Reduction in Area 


direction; above 2000° F. the difference is within 
the error of testing. 


STRENGTH ELONGATION 
97,900 2.0 
87,300 2.5 
40,650 14.5 
35,200 30.1 


Transverse at 70° F. 

Longitudinal at 70° F. 

rransverse at 1800° F, 

Longitudinal at 1800° F, 

At 2000 to 2400° F. the plate had strength 
about equal to the bars swaged 70° (Fig. 6) 
but elongations were considerably lower. The 
ductility in a direction normal to the surface, 
although not determined in this investigation, 
is known to be very low because of the brittle 
planes of weakness parallel to the surface. 

Because of the rolling directionality, the 
tensile fractures were wedge-shaped below the 
recrystallization temperature, the sharp edge of 
the wedge being parallel to the rolling surface. 
Above the recrystallization temperature, the 
fracture changed to a rough tear type. 


Fig. 12 Brittle, Transverse 
Fracture; Transgranular or Intergranular 
With Essentially No Reduction in Area 


Type 5, 


FRACTURE TYPES 


As-swaged and recrystallized bar specimens 
exhibited six distinct types of fracture at room 
and elevated temperature, as shown in Fig. 8 
to 13. 

Molybdenum both 
similar types of fracture for both as-swaged and 
recrystallized material. 
worked 


from sources showed 
The as-swaged metal, 
sufficiently to give a fairly uniform 
grain structure from the circumference to the 
center of the bar, had a transgranular fracture 
with good elongation at all temperatures up to 
recrystallization. Material which was only partly 
recrystallized before or during testing had a 
torn fracture that was a mixture of both trans- 
granular and intergranular failure similar to 
Types 3 and 4 at temperatures above 2000° F. 


Type 3, with the honeycombed surface, appeared 


to be an intergranular separation at the surface, 
but fracture was predominantly transgranular. 


or. 


Fig. 13 Type 6, Ductile, Transverse-Trans 
granular Fracture; 0 to 25% Reduction in Area 
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When molybdenum is 
fully reerystallized, fracture 
seeks the grain boundaries at 
both room temperature and at 
temperatures above 2000° F., 
resulting in an intergranular 
failure with low elongation. 
At temperatures from 1500 to 
2000° F., the metal showed 
ductility as great as or greater 
than the as-swaged material. 
In this temperature range the 
fracture is predominantly 
transgranular. This change 
reverting again to a much less 
ductile, intergranular fracture 
above 2000° F.) seems rather 
odd, but is borne out in part 
by work reported by W. P. 
Sykes in Transactions of the 
A.I.M.E., V. 64 (1919-1921). 


KRECKYSTALLIZATION 


In evaluating the two 
manufacturers’ products, a 
considerable variation was 
found in properties, particu- 
larly at elevated temperatures. 
Molybdenum from Source A 
had a fairly clean, uniform, 
fibrous grain structure in all 
the bar sizes except the 1-in. 
size. Fabrication was suffi- 
ciently uniform to produce 
metal that possessed a_ progressively lower 
recrystallization temperature and a_ tendency 
toward higher strengths with increasing amounts 
Molybdenum from Source B did 
not show any similar systematic change, nor did 


of swaging. 


it possess nearly the uniformity of structure. 

The heavily swaged metal of both manu- 
facturers had a rather uniform, fibrous grain 
structure, but the material from Source B had 
a recrystallization temperature approximately 
125° F. higher than that from Source A and 
recrystallization occurred over a greater range 
of temperatures. 

Material from Source B that was lightly 
swaged (44% reduction in area) had nonuniform 
grain structure, and appeared to have some 
However, its strength below the 
recrystallization temperature was 20 to 35°‘ 
higher than material from Source A that had 
received an equivalent amount of swaging 


porosity 


Moreover, it had a recrystallization temperature 
approximately 600° F. lower, which, strangely 
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enough, was about the same as 
for other metal from the same 
source that was swaged about 
twice as much. 

The lightly swaged molyb- 
denum from Source B had a 
grain structure that resembled 
recrystallized material much 
more closely than the fibrous, 
as-swaged structure found in 
other material. It was probably 
subjected to a temperature 
above recrystallization during 
the latter part of the swaging 
treatment for a sufficient time 
to cause full or partial recrys- 
tallization. Further swaging at 
lower temperatures might then 
produce some smaller frag- 
mented grains. Possibly a large 
amount of previous effective 
swaging was lost when recrys- 
tallization occurred. 

It is difficult to explain why 
the material still possesses excel- 
lent strength below the recrys- 
tallization temperature for the 
small amount of total ingot re- 
duction. Therefore, total ingot 
reduction is not considered to 
be a criterion by which mechan- 
ical properties can be predicted. 


CONCLUSION 


From these tests it is concluded that pure 
molybdenum, either as-swaged or recrystallized, 
has tensile properties at 1800 to 2400° F. equiv- 
alent to or higher than titanium carbide, with 
or without cobalt binder, or ceramic bodies 
This is shown by appropriate lines in Fig. 6 
At lower temperatures, up to 1500° F., molyb- 
denum is weaker than other established alloys, 
like Inconel X and 422-19. 

Stress-rupture properties at 1800° F., when 
tested in protective atmospheres, are much 
superior to several established alloys at that 
extreme temperature. 

Since recrystallization has such a consider- 
able effect on high-temperature strength proper- 
lies, an extended investigation is under way at 
Lewis Flight Propulsion Laboratory to deter- 
mine what is the cause of tardy and sluggish 
recrystallization in some of the test pieces we 
examined. If the recrystallization temperature 
of molybdenum could be increased, a corre- 
sponding advantage would ensue S$ 











For the want of a nail the shoe was lost, 


For the want of a shoe the horse was lo 


For the want of a horse the rider u 


/ 


as lost 


For the want of a rider the battle was lost 


For the want of a battle the Kingd: 


mm was 


and all for want of # a nail” 


ELECTRO METALLURGICAI 


BENJAMIN FRANKLIN, “Poor Richard.” 1 


The fate of nations often hangs on little things. Take 
old nail 


this rusty 
It symbolizes thousands of tons of worn-out machines 
and broken parts lying useless in our plants, factories, 

farms, and homes—scrap steel desperately needed today 


by our steel mills. 


You can help make this nail, and all the other scrap you can 
collect, go to work again .. . in new steel for ships, tanks, 


and guns required for defense purposes, 


So survey your plant now for every last bit of serap. 

Phen get it to your scrap dealer promptly. This will 

not only help assure the nation of the arms needed to preserve 
our freedom. but it will also mean more steel 


for vour own produ ts tomorrow, 


COMPANY. a Division of Union Carbide and Carhon Corporation, 
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Personal Mention 





Walter W. Edens 


Unique in that he is a mechani- 
cal engineer with a master’s degree 
in metallurgy, a research and 
production executive, WALTER W. 
Evens @, past chairman of the 
Milwaukee Chapter of the American 
Society for Metals, and current 
chairman of the Milwaukee Chap- 
ter of the American Foundrymen’s 
Society, has been appointed De- 
fense Projects Executive for Alloy 
Engineering and Casting Co. of 
Champaign, Ill Here he will 
devote his full time to the Casting 
Potentials Project, a study for the 
Air Matériel Command, U.S.A.F., 
under general direction of H. H. 
Harris ©. Mr. Edens combines an 
academic and theoretical back- 
ground in the castings and metal 
industries with unusual production 
experience, and will concentrate on 
devising methods whereby the 
foundry industry may cooperate 
more fruitfully with the aircraft 
industry. Mr. Edens received his 
M.S. degree from the University of 
Wisconsin in 1937, and spent the 
next ten years as chief metallurgist, 
foundry superintendent and techni- 
cal director of Ampco Metal, Inc., 
of Milwaukee. Prior to his present 
appointment he was vice-president 
of Badger Brass & Aluminum Co. 

Mr. Edens has been joined by 
Thomas G. McNamara @, formerly 
chief metallurgist of Continental 
Aviation and Engineering Corp., 
Detroit, who has been appointed 
chief metallurgist at Alloy Engi- 
neering and Casting Co. Mr. 
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McNamara will also spend his time 


on the Casting Potentials Project, 


studying aircraft specifications and 
evaluating the status of castings 
supplied to the aircraft industry in 
terms of quality. 


Alfred Strasser @, formerly a 
metallurgical engineer for the spe- 
cial projects department, M. W. 
Kellogg Co., Jersey City, N. J., has 
taken a position as metallurgist in 
the technical analysis division of 
Wright-Patterson Air Force Base, 
Dayton, Ohio. 

R. H. Lambert ©, formerly in 
the welding and metals branch of 
the Bureau of Ships, Navy Depart- 
ment, Washington, D. C., has been 
transferred to the Philadelphia 
Naval Shipyard where he is shop 
superintendent for the production 
department. 


Martin J. Holleran © has been 
named assistant manager of tool 
steel sales by the Carpenter Steel 
Co., Reading, Pa. He joined the 
company in 1946 and served as 
sales engineer out of the New York 
City Mill-Branch Warehouse until 
his recent promotion. 


Philip J. Duffy ©, a member of 
Lindberg Engineering Co. for the 
past 12 years, is now operating as 
district sales and service manager 
for Lindberg’s new 
Atlanta, Ga. 


Roy F. Bourgault @ has ac- 
cepted a position as research 
associate in the Department of 
Metallurgy, Stevens Institute of 
Technology, Hoboken, N. J. 

Richard L. Nyquist @ has been 
employed by MacDermid, Inc., 
Waterbury, Conn., as a trainee in 
the sales department. 


office in 


Kenneth D. Kelly @ has ac- 
cepted a position with the Oil Well 
Supply Co., Oil City, Pa., where he 
is on the training program which 
leads to the foundry 
department. 
Grove City 


metallurgy 
He graduated from 
College, Grove City, 


Pa., in June. 
Richard B. Wagner © is now 
active as a consulting engineer, 


specializing in the field of metallic 
coatings. 


V. A. Crosby 


Victor A. Crossy @, metallur- 
gical engineer for Climax Molyb 
denum Co., in charge of sales, 
service and development in the 
Detroit area, was awarded the 
1951 John A. Penton Gold Medal 
by the American Foundrymen’s 
Society “for outstanding service 
and contributions to the ferrous 
foundry”. Crosby (“Vic” to most 
everyone, including his wife) was 
born, raised and educated in the 
State of Mississippi, a circumstance 
which permanently warped his 
accent. He intended to be a sugar 
chemist, but instead (after dis- 
charge from the Air Force in World 
War I) became foundry metallur- 
gist for Packard in Detroit and 
later for Studebaker in South Bend 
He joined Climax in 1934. Vic has 
traveled widely, addressed numer- 
ous chapters of the A.S.M. and the 
A.F.S. on various aspects of foundry 
practice, alloyed cast irons, and 
castings for particular industries 
and uses. He has been chairman 
of the Detroit Chapter of the 
American Society for Metals and 
the American Foundrymen’s Soci- 
ety, chairman of the division on 
automobile castings of the Society 
of Automotive Engineers, and active 
in handbook work for all of these 
organizations. 


Edward N. Case @ has been ap- 
pointed product supervisor for 
metal trades product sales in the 
synthetic organic chemicals de 
partment, Industrial Chemicals 
Division, American Cyanamid Co., 
New York. He was formerly group 
leader of the company’s metal 
trades laboratory, Technical Serv 
ice and Development 
Stamford, Conn. 


Division, 





at 


D and D Stem being inserted in Cyclotron; made of Revere Electrolytic 
high-conductivity copper, bot rolled and annealed, Vg" thick. Note also 
large number of bronze valves to control flow of cooling water through 
brass pipe. 


@ For many years Revere has been saying that “Copper is the 
metal of invention.” It has high electrical and heat conductivity, 
excellent resistance to corrosion, is easily fabricated and 
formed, so that it is attractive to designers and inventors, as well 
as to manufacturers. Now we say it is also “The metal of 
science,” because it is so essential to the operation of most 
scientific devices. 

The pictures on this page illustrate some of its uses in a 
cyclotron, built by and for the Nuclear Physics Laboratory of 
the University of Washington in Seattle. The instrument was 
designed and constructed so far as possible by University per- 
sonnel, who were completely successful in working copper 
into the most complicated shapes. 

Revere collaborated on the project in various ways, and fur- 
nished copper bar, sheet, rod and tube to the University’s high 
specifications. Remember that Revere will be glad to consult 
with you on your problems concerning copper and copper 
alloys, and aluminum alloys. 


COPPER AND BRASS INCORPORATED 
Founded by Paul Revere in 1801 
230 Park Avenut, New York 17, N. Y. 


Mills Baltimore, Md.; Chicago and Clinton, Lil; Detroit, aay Les Angeles 
and Riverside, Calif.; New Bedford, Mass.; Rome, N. Y. — 
Sales Offices in Principal Cities, Distributors E LIS 


SEE "MEET THE PRESS” ON NBC TELEVISION EVERY SUNDAY 





Photo taken in the University of Washington shop 
during fabrication of the two Ds and D Stems. 


Seven miles of Revere copper bus bar were wound into 
great coils for the cyclotron electromagnet. The 
University built the winding machine itself, and wound 
the coils in its own shop. The special Revere bar is soft 
temper, free from scale, with rounded edges 
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Personals 


John T. Burwell, Jr., @, former- 
ly associate professor of mechanical 
engineering, Massachusetts Institute 
of Technology, Cambridge, Mass., 
has taken a permanent position 
with Horizons, Inc., Cleveland. 
Dr. Burwell served in the Office of 
the Coordinator of Naval Research 
and Development from 1942 to 
1946, on leave of absence from 
M.I.T. He is the author of the @ 
book, “Mechanical Wear”. 


Robert C. Shnay @, who finished 
his graduate degree requirements 
at the University of British Colum- 
bia last June, has been employed 
by the Department of Mines, 
Physical Metallurgy 
Ottawa, Ont, as a 
engineer. 


Division, 
research 


William E. B. Mason @ has 
transferred from his position as 
inspector-supervisor at the Toledo 
Refinery, Pure Oil Co., to that of 
assistant quality control engineer 
for the American Locomotive Co., 
Dunkirk, N. Y. 








Ps war dness tess 


in 
» Readj 9 ler 
Rockwei Seeic., rectly in the 


ARE TAKEN TO THE WORK 

FOR QUICK, ACCURATE, SIMPLE TESTS 

Hardness testing — before and after heat treating — 
is essential today. 


Ames Portable Hardness Testers now make it practical 


and EASY to test for hardness at any stage of your 
manufacturing process. Make quick, accurate tests on 
the spot. No cutting off specimens. No waiting for lab- 
oratory tests. No skill is required. Anyone can operate. 


Thousands are now in use and paying for themselves, 
over and over again. Investigate today how Ames 
Hardness Testers can be quickly put to profitable use 


in your plant. 


Send for descriptive literature. 


Ames Portable Hardness 
Testers are light in weight, 
compact, accurate and 
comparatively inexpen- 
sive. Models from 1" to 
6" capacity. 


AMES PRECISION MACHINE WORKS 
WALTHAM 54, MASS. 
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Daniel L. Weller @ has been 
working as a shift metallurgist at 
Crucible Steel Co. of America, 
Sanderson-Halcomb Works, Syra- 
cuse, N. Y., since he graduated from 
Carnegie Institute of Technology in 
June. 


E. J. Walker @, who has been 
foreman of experimental heat treat- 
ment in the main laboratory, 
Bethlehem Steel Co., Bethlehem, 
Pa., is now experimental engineer 
in the metallurgical department. 


Robert L. Sauer ©, formerly job 
evaluation engineer for Timken 
Roller Bearing Co., Canton, Ohio, 
is now associated with Westing- 
house Electric Corp., Headquarters 
Division, Pittsburgh, as a staff 
industrial engineer. 


Randall E. Britt @ has accepted 
a position with Howard Foundry 
Co., Chicago, in the Magnesium 
Division. He was formerly em- 
ployed by the Engineer Research 
and Development Laboratories, 
Fort Belvoir, Va. 


Harry J. Weil © has been em- 
ployed as a metallurgical engineer 
by the Phillips Petroleum Co., 
Bartlesville, Okla., in the test 
division of the engineering depart- 
ment, since his graduation from 
Lehigh University last June. 


John A. Milko @ has taken a 
position as metallurgist at Oak 
Ridge National Laboratory, Oak 
Ridge, Tenn., where he is employed 
on the alloy development program 
of rare earth metals. 


T. Roy Evans @, a June grad- 
uate from Missouri School of Mines, 
has accepted a position as engineer 
to do titanium development work 
at E. I. duPont de Nemours & Co., 
Inc., Wilmington, Del. 


Clayton L. Nelson @ has been 
transferred from his position as 
assistant resident engineer at the 
Flint, Mich., plant to the position 
of associate resident engineer at 
the Tonawanda, N. Y., plant of the 
Chevrolet Motor Division, General 
Motors Corp. 


David B. Ballard ©, who grad- 
uated from Virginia Polytechnic 
Institute last June, has been em 
ployed as junior metallurgist at Na 
tional Bureau of Standards, Metal 
lurgical Div., Washington, D. ¢ 


Harold Meese © has been re 
called to active duty with the Navy 
and is assigned to duty with the 
Office of Naval Material, Washing 
ton, D. C. 





new nitriding process 

gives you the right START 
for a faster, low-cost 

— FINISH 


Nitralloy is used 

for gears and many 

other vital parts of Wright 

Aeronautical Corporation's 3500-hp 

Turbo-Compound engine which effec- 

tively combines piston and turbine principles 

to obtain a 20 per cent bonus power boost from the 

same amount of fuel. To reduce finishing time and costs on 

this record-efficiency power unit, Wright uses the Floe Nitriding 
Process*. ¢ By using the Floe Process and Nitralloy steels, they are 
getting the following advantages: 


@ a minimum “white layer” surface suitable for running-in without after 
grinding, lapping or superfinishing. 


@ high fatigue resistance and improved corrosion resistance 
@ an extremely hard, wear resistant surface 

@ excellent core properties 

@ no distortion 


The Nitralloy Corporation licenses its exclusive new nitriding process directly to 
furnace owners and larger users of nitriding steels without limitation as to the 
source of the steel nitrided. Purchasers of Nitralloy® steels from any of the 
following licensed steel producers and distributors automatically acquire the 
right to use the process in converting steel so purchased. Write to them, or directly 
to us, for complete details of the properties of Nitralloy and the adaptation of 
your present nitriding facilities to the improved nitriding procedure 


Atlas Steels Limited, Welland, Ont. * The Babcock & Wilcox Tube Co., Beaver Falls, Pa. * Copperweld Stee! 
Company, Warren, Ohio * Firth-Sterling Steel Co., McKeesport, Pa.** * Grede Foundries, Inc. (steel castings), 
Milwovkee, Wis. * Rotary Electric Steel Co., Detroit, Mich. * Vanadium Alloys Steel Company, Pittsburgh, Po 
* Joseph T. Ryerson & Son, Inc., Chicago, Ill.***; Cincinnati and Cleveland, Ohio; Jersey City, N. J.***; 
Boston, Mass.; Detroit, Mich.; St. Louis, Mo.; Philadelphia, Pa.; Buffalo, N. Y.; Milwaukee, Wis.; Los Angeles*** 


and Son Francisco, Calif. * The Earle M. Jorgenson Co., Los Angeles*** and Oakland, Colif.; Houston*** 
ond Dallas, Texas 


*Patent No. 2,437,249 
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Keki K. Irani @ is now working 
Personals , 


in the openhearth department of 
the Granite City Steel Works, 


Granite City, IIL. 
Charles O. Hlavacek @ has been 


employed as a laboratory investi- Roy H. Curtis @, June graduate 
gator in the main laboratory at of Carnegie Institute of Technology, 
Bethlehem Steel Co., Bethlehem, is now employed as a _ student 
Pa., since his graduation from engineer, Chrysler Institute of 
Michigan College of Mining and Engineering, Detroit. 
en 5 ee Byron F. Campbell @ has been 
Vernon H. Jones @ has been appointed executive engineer for 
employed by Hayes Steel Products Harry Ferguson, Inc., Detroit. He 
Ltd., Merriton, Ont., as a metallur- has been chief of the company’s 
gical engineer. laboratories for the past six years. 





~ 
NO other 


carburizing compound 
has all these 


CHAR 


RIZING COMPOUND 


‘advantages 


CHAR gives continued uniform activity. 


CHAR requires only 10-15% of new added material on 
continued runs, compared with 25% required for ordinary 
carburizing compounds. 


CHAR’S activated particles are coated with a heavy sheil 


of carbon, adding to the mechanical strength of each particle. 


CHAR’S carbon coating prevents loss of energizing ma- 
terial. 


CHAR is pre-shrunk during manufacture to guarantee 
minimum shrinkage in use. 


CHAR Carburizers have extremely low dusting losses. 


CHAR PRODUCTS CO. 


MERCHANTS BANK BLOG INDIANAPOLIS 4 IND. 
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David L. Zimmerman @ has 
accepted a position as technical 
graduate on the rotational training 
program, General Electric Co., 
Hanford Works, Richland, Wash. 
He graduated from the University 
of Wisconsin last June. 


W. R. Hibbard, Jr., @, has taken 
a new position in the research 
laboratory at The Knolls, General 
Electric Co., Schenectady. 


George D. Cremer @, formerly 
resident consultant to the Oak 
Ridge National Laboratory, Metal- 
lurgy Division, has taken a position 
with the Research Division, Solar 
Aircraft Co., San Diego, Calif. 


Arnold G. Mosier @, who re- 
cently graduated from the Colorado 
School of Mines, has been employed 
as an analytical chemist by the 
Colorado Analytical Uranium Ore 
Project, Grand Junction, Colo. 


Harold G. Bowen, Jr., @, has 
been head of the Armor, Projectile, 
Bomb, Ballistic, Rocket and Guided 
Missile Warhead Branch, Research 
and Development Division, Bureau 
of Ordnance, Washington, D. C., 
since completing the senior course 
in strategy and tactics at the Naval 
War College, Newport, R. L. 


Kenneth D. Morland @ has been 
promoted to acting principal sur 
veyor of American Bureau of 
Shipping’s Chicago office 


Willard H. Hawley, Jr., @, a re- 
cent graduate from Yale University, 
has been employed by the Navy 
Department, Bureau of Ships, 
Washington, D. C. 


John L. Blazich @ has accepted 
a position as plant superintendent 
with Shippers’ Car Line, Ine., 
Milton, Pa. He was formerly assist- 
ant engineer in the improvement 
section, American Car and Foundry 
Co., New York. 


Charles R. Johnson © has been 
employed in the metallurgical 
laboratory of Globe Steel Tubes, 
Milwaukee, since his graduation 
from Purdue University last June 


Robert J. Morris ©, who grad- 
uated from Missouri School of 
Mines and Metallurgy in June, has 
been employed as a metallurgist 
for the Allison Division, General 
Motors Corp., and is working in 
the materials laboratory, Indianap- 
olis, Ind. 


Donald F. C. Cole @ has joined 
the staff of Metals and Alloys Ltd., 
Montreal, Quebec, as sales manager 
for Quebec and Eastern Canada 





RANGE — is continuously adjustable ZERO SUPPRESSION — uncalibrated 
from a minimum of —0.1 to +1 mv... coarse and fine . . . is continuously ad- 
up to a maximum of —2 to +20 mv. justable from —50 to +50 mv. 


Le ee 
‘ab Ratha MNP We ta Wa BROW 


LEEDS NORTHRUP 


4927 Stenton Ave. 
Philadelphia 44, Pa. 
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"RUDOLPH SAYS HE KNOWS THE TAPS WOULD LAST LONGER 
1F HE HAD THE RIGHT CUTTING FLUID ON THE MACHINE!” 





SE OF the right cutting fluid for the job makes taps 
last longer, conserves critical tool steel, minimizes 
down-time, increases output. A typical example: 
A large instrument manufacturer changed to 
Stuart’s THREDKUT for tapping Allegheny metal. 





Before After 
Using Using 
ThredKut ThredKut 





Tap Life 2 hours 8 hours 





Production 180 holes 400 holes 
per hour per hour 

















You just cannot ignore the fact that the cutting fluid 
used is a major factor in any machining operation. A 
Stuart Representative is prepared to show you how 
Stuart combines theory and practice to give you better 
operating performance. Ask to have him call. 


Are you receiving Stuart's Shop Notebook 
regularly? Write, wire or phone. 


STUART SERVICE 
Goes with every Garret 


D.A. Stuart Oil co. 


2743 S. Troy St.. Chicago 23, Illinois 
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Personals 


Paul A. Beck @ has accepted 
a research professorship in metal- 
lurgical engineering at the Univer- 
sity of Illinois, Urbana, Il. 


Truman J. Hammel © has re- 
cently joined the sales division of 
Chain Belt Co., Kansas City, as 
district sales engineer. He has been 
with the company, in the research 
engineering division, since 1946. 


Carl A. Liedholm @ is now in 
Sandviken, Sweden, where he is 
starting an extensive study of hol- 
low rock-drill steel for Sandvik 
Steel Works. He writes: “Under- 
standably enough, steel airplane 
propellers —my wartime preoccu- 
pation with Curtiss-Wright — and 
hollow drill rods have much in 
common, and least in their ability 
to withstand fatigue.” 


George V. Luerssen ©, formerly 
chief metallurgist, has been ap- 
pointed vice-president in charge of 
metallurgy by the board of direc- 
tors of the Carpenter Steel Co., 
Reading, Pa. Carl B. Post @ 
succeeds Mr. Luerssen as chief 
metallurgist, and George E. 
Brumbach @ has been advanced to 
the position of metallurgist to suc- 
ceed Mr. Post. 


T. W. Merrill @ has been ap- 
pointed chief metallurgical engi- 
neer of the Vanadium Corp. of 
America and has been transferred 
from the company’s plant at 
Bridgeville, Pa., to the executive 
offices in New York. 


W. G. Dahl @ has been ap 
pointed district manager of the 
Hartford, Conn., area by the 
Latrobe Electric Steel Co. He re- 
places H. C. Cole @ who has 
resigned from the company 


L. P. Josephs ©, owner of Pear- 
son Industrial Steel Treating Co., 
Chicago, announces the following 
changes: Victor Bozick @ has been 
promoted from plant superintend- 
ent to works manager; Carlton M. 
Fallert ©, formerly with Lindberg 
Steel Treating Co., has charge of 
purchasing and quality control; 
Alfred Francis ©, previously with 
the West Pullman Works of Inter- 
national Harvester Co., has been 
appointed metallurgical engineer 
in the sales department; Raymond 
Ericksen ©, who was formerly 
associated with the National Mal- 
leable and Steel Castings Co., has 
been engaged as plant metallur- 
gist and superintendent. 
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KODAK INDUSTRIAL 
X-RAY FILM, TYPE A 


With several hundred of these tanks in use, subject to 
frequent handling as well as high pressure, safety de- 
manded that the bottom weld be sound—that there be 
no serious lack of fusion or gas porosity. 

To make these radiographs, the radiographer used 
Kodak Industrial X-ray Film, Type A; 120 kv; .005- 
inch lead screens, front and back. 

Type A has enough speed to keep exposures reason- 
ably short even at low voltages. Its high contrast 
and fine graininess are also valuable in taking full ad- 
vantage of higher kilovoltage machines in detecting 
irregularities in thick or dense materials, 


RADIOGRAPHY 

IN MODERN INDUSTRY 

A wealth of invaluable data on 
radiographic principles, practice, and 
technics. Profusely illustrated with 
photographs, colorful drawings, dia- 
grams, and charts. Get your copy from 
your local x-ray dealer—price, $3. 


Propane Gas Tank 


check bottom weld 


A TYPE OF FILM FOR EVERY PROBLEM 


To provide the recording medium best suited to any 
combination of radiographic factors, Kodak pro- 
duces four types of industrial x-ray film. These 
provide the means to check welds efficiently and thus 
extend the use of the welding process, 


Type A—has high contrast with time-saving speed for study 
of light alloys at low voltage and for examining heavy parts 
at 1,000 ky. Used direct or with lead-foil screens. 


Type M—provides maximum radiographic sensitivity, 
under direct exposure or with lead-foil screens. It has extra- 
fine grain and, though speed is less than in Type A, it is 
adequate for light alloys at average kilovoltage and for 
much million-volt work 

Type F—provides the highest available speed and contrast 
when exposed with calcium tungstate intensifying screens 
Has wide latitude with either x-rays or gamma rays, ex- 
posed directly or with lead screens. 


Type K—has medium contrast with high speed. Designed 
for gamma ray and x-ray work where highest possible 
speed is needed at available kilovoltage without use of 
calcium tungstate screens. 


EASTMAN KODAK COMPANY 
X-ray Division * Rochester 4, N. Y. 





Radiography .. . 


another important function of photography 


dalk 


TRADE -maRK 











When CARLSON Says 
LARGE STAINLESS PLATE 


We Mean LARGE! 


This type 304 Stainless Steel plate measures 203” x 168” x 2”, to be pattern 
cut to customer specifications in the Carlson plant. 

Produced to chemical industry standards of quality, this plate, weighing 
5,180 Ibs., is a typical example of the ability of G. O. Carlson, Inc. to meet 
your needs in a wide variety of stainless analyses. 

Remember too, that Carlson can supply you as readily with stainless 
plates, forgings, billets, sheets, bars, rings, etc. in ANY SIZE, small or large, 
pattern cut if you desire. 


@ Serving Many Industries 
LARGE AND SMALL 
with 
Stainless Steel Plate Items 
LARGE AND SMALL 


Stainless Steel Ils Our Only Business...and we know it. 


CARLSON, inc. 


Stainless Steels Exclusively 
300 Marshalton Road, Thorndale, Pa. 
PLATES « FORGINGS e BILLETS e BARS e SHEETS (No. | Finish) 


District Sales Offices and Warehouse Distributors in Principal Cities 
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Low Temperature Properties 
of Iron and Steel* 


i seascactene for ferrous materi- 
. als at low temperatures have 
increased until they now embrace 
certain areas in most basic indus 
tries as well as many types of mili 
tary, marine and civilian needs. 
Conditions vary widely as to tem- 
perature, the type of service, and 
the character and design features of 
a part. The properties required of 
the metal in service, to insure that 
it will function with a high degree 
of safety at service temperatures, 
will also vary widely, though the 
exact requirements are apt to be 
difficult to specify. 

It should not be construed that 
the use of ferrous materials at low 
temperatures introduces major 
problems of selection in every case. 
When, for example, materials must 
withstand static loads only, there 
may be no necessity to employ a 
material other than that which is 
satisfactory in the same application 
at normal temperatures. The lower 
temperatures strengthen and harden 
ferrous materials slightly so that 
for construction involving static 
loading only, it is possible that they 
are as good at low as at normal 
temperatures. As the severity of 
service increases, however, and ma 
terials are called upon to withstand 
the possibilities of shock loadings 
and local deformation without fail 
ure at low temperatures, increasing 
care must then be exercised in 
selection. 

The conventional engineering 
tests on ferrous materials have pro- 
vided information to show that, as 
the temperature of testing is de 
creased below atmospheric, the 
hardness, yield strength, fatigue 
strength and tensile strength in 
crease, except for highly embrittled 
materials. This is not so, however, 
for ductility, manifested by the de 
gree of permanent deformation be 
fore fracture by stress in tension, 
and for toughness, manifested by 
the amount of energy absorbed be 
fore fracture. With respect to these 
two properties, ferrous materials 
fall into one of two groups; namely, 
those which remain ductile at low 
temperatures and those which b« 
come embrittled. 

It is characteristic of the body 
centered-cubic ferritic materials to 
(Continued on p. 100) 

*Abstract from “Low Tempera 
ture Properties of Ferrous Materials”, 
compiled by the S.A.E. Iron and Steel 
Technical Committee, Society of Auto 
motive Engineers, Inc. 











High-Speed Tools 
at Lower Cost with 
Tungsten-Saving 66HS 


Bethlehem 66HS performed so 
well during the alloy shortages 
of World War II that many 
users of high-spe ed steels never 
did go back to the large-seale 
use of 18 pet tungsten grades 
GGOLS has a balanced content of tungsten 
ivbdenum ; and it has proved ideal 
vide variety of cutting tools. Be- 
use of its lower cost and many uses it 
s much more than just an able substitute 
for the hich-tungsten steels 
In Bethlehem’s own machine 
shops, for example, 66HS has 
been used since 1942 for more 
than 90 pet of all our high speed 
too We use many tons of it 
each year; and our production 
men report that year after year 
is grade performs just as well or better 
than Special HS, our 18-4-1 type of steel. 
There’s an economy angle to 66HS that 
shouldn’t be overlooked, especially by 
large users. GOILS at present prices costs 
about $700 a ton less than 
18-4-] 
it’s 6 pet lighter, too 
GOHS is hardened at 100 de- 


standard grades. And 


grees below the hardening 
temperature for high-tungsten 
grades It 


heat-treating, but it presents 


requires careful 
no problem at all to any heat 
treater who has accurate temperature in- 
dieators. This equipment is necessary 
because GOHS does not form beads of 
“sweat” on the surface when the proper 
hardening temperature is reached (2250 
. to 2275 F). 
\ 66HS has just the right de- 
\\\ gree ot wear-resistance, tough 
@; uness, and red-hardness for use 
nearly everywhere as a de 


pendable, general-purpose cutting steel. 


Its typical analysis: 
( W Mo Cc V 

».0 415 1.90 
Like to know more about it? Ask for 
deseribing 66HS and 


Sethlehem high speed steels. 


our Booklet 264, 


other 


This 1%¢-in. diameter gage, made from oil-hardening too! steel, cracked becouse it wasn't tempered 
immediotely after the quench. Tempering relieves stresses set up in the steel during hardening 


Tool Steel Troubles Usually 
Have Happy Endings 


Based on the many 


1 | 
PRODUCTION 


failures ean in any way be blamed on the 
tool steel. 


thousands of in 
vestigations 
they’ve made, our 
metallurgists and 
research men say 
that probably less 


than 3 pet of tool 


Tool failures are usually eured by one 
or more of these remedies: 


1. Improving the tool design 
2. Using a more suitable tool steel 


3. Correcting the heat-treatment 


4. Improving tool-grinding technique 
Some people who think they don’t have 


eh 


tool problems quite often aren't getting 
best results. For example, a plant may 
suddenly have a series of broken tools or 
dies. We’re called in to help put a finger 
And quite likely we'll find 


they have been overlooking some vital 


on the cause 


factor in tool design or heat-treatment 
Correcting the trouble leads to tool per 
formance that’s far beyond the best pre 
vious service life. That’s why most tool 
steel troubles have a happy ending 

If you have a problem involving tool 
steel or feel you should be getting better 
tool performance, let us hear from you 
Maybe we can give you the right answer 
pronto, Or a Bethlehem metallurgist may 
have to work with you in your shop. In 


ther case, there’s no obligation 


Our Tool Steel Engineer Says: 


Making shock tools too hard causes premature failure 


Most shock resisting tool steels give best 
service when hardened between Rockwell 
C-55 and 60 98. This 


range provides the best com 


averaging about ¢ 
hardness 
promise between toughness and wear 
resistance. Premature failure is often the 
result of obtaining an excessively high 
hardness in these grades. Carbon tool 


steels are often best for shock tools re 


quiring a hardness above Rockwell C-59 
The chrome-tungsten grades of shock 
resisting tool steel can be carburized to 
obtain greater wear-resistanece. Th 
treatment produces a thin, hard case or 
the tool surfaces, yet retains a tough core 
of lower hardness. This method is often 
used for master hobs, reamers, swaginyg 


dies, and various kinds of shock tool 


s 
eg 


> 
Bethlehem 


" Tool Steel 


7EgTe° 








ST cuemicats 


PROCESSES 





AMERICAN CHEMICAL 


METAL 


oo 


Alodine“ 


PROTECTS ALUMINUM 
ANCHORS THE PAINT FINISH 
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MIL-C-5541 
MIL-S-5002 
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AN-C-170 (See MIL-C-5541) 
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16E4 (Ships) 
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EFFECTIVE, ECONOMICAL 
EFFICIENT 


ALODIZING is an electro- 
less protective surface conversion process 
for bonding paint to aluminum and pro- 
tecting the metal. 


Tough, durable ALODIZED surfaces are 
obtained easily and rapidly by immersion, 
brushing, or spraying in a multi-stage 
power washer. 


ALODINE amorphous phosphate coatings 
provide extra paint permanence and extra 
durability for aluminum parts and products. 


BRUSH “ALODINE” PROTECTS ALUMINUM 
IN THE FIELD, SHOP, OR HANGAR 


Brush ALODINE is easily ap- 
plied in a simple brush-on or flow coat process to 
large assemblies and surfaces—airplanes, trucks, 
trailers, boats, housing, building siding, railway 
cars, bridges, etc.—that are too bulky or too remote 
to be conveniently treated in tanks or a multi-stage 
power spray washer. The cleaning and coating 
chemicals for Brush ALODIZING are shipped in 
bulk or in the convenient Brush ALODINE Chemical 
Kit No. 1. This Kit contains enough chemicals to 
treat about 1,000 square feet of surface and is an 
ideal package for use at airfields of commercial 
airlines or of the Armed Services anywhere. 


ae Retr Mead. Bevan A. 1914 
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Low Temperature 
Properties 


(Continued from p. 98) 
show brittle behavior at some low 
temperature, the materials differing 
among themselves only in the tem- 
perature at which ductility van- 
ishes in a specific test. On the other 
hand, the austenitic-type materials 
of face-centered-cubic structure 
tend to remain ductile over 
ranges of low temperatures 
have been investigated. 
to become 


most 
that 
They seem 
sensitive to embrittle- 
ment only when they contain sigma 
phase, are made subject to precipi- 
tation hardening, or are struc- 
turally unstable at low temperature. 

The fracture behavior of fer- 
ritic materials is known to change 
profoundly with lowering tempera- 
ture, the change often being 
acterized by a sudden 
toughness or ductility. 
ature of ductile to 
brittle frequently re- 
ferred to as the transition tempera- 
ture though this temperature need 
not be and usually is not the same 
when determined by different test 
procedures. Variations in condi- 
tions of determination of ductility 
or toughness affect the transition 
temperature; it is dependent upon 
factors relating to both external 
and internal conditions imposed on 
or existing within the material 
when subject to fracture. Different 
methods of testing, with few excep- 
tions, will place steels in 
the same order with regard to their 
transition temperatures. A 
sary consideration then, 
ing a testing procedure, is its 
sensitivity in differentiation — be- 
tween two steels of like properties. 

In service, the size and geometry 
of the part, the presence of surface 
blemishes, scratches, and deep 
notches, and the simultaneous ac- 
tion of (a) a high rate of straining, 
(b) a nonuniform 
bution, (c) a multiaxial state of 
and (d) a low temperature, 
are some external conditions which 
affect the embrittlement. Although 
these are extremely important, 
other factors related to the internal 
state of the metal are likewise im- 
portant to the problem of brittle 
behavior. Among the latter are 
chemical inhomogeneities, 
discontinuities and 
size variations, 


char- 
loss in 
The temper- 
change from 
behavior is 


several 


neces- 


in evaluat- 


stress distri- 


stress, 


internal 
cracks, grain 
grain orientation, 
residual stress, strain hardening or 
cold working, strain aging effects 
and state of deoxidation. 

The general effects of low tem- 

(Continued on p. 102) 











LEADERSHIP can’t stand still 


this time it advances 
on ultrasonic waves 


Because production isn’t always perfect, not present—defects which may appear in 
inspection of all materials is essential to machining or forming operations and cause 
assure quality. When new inspection tools costly rejections. 
and methods have demonstrated their use- In keeping with a tremendous mill- 
fulness, they replace or supplement the old. improvement program, the introduction of 
Nondestructive inspection inside the the Ultrasonic Reflectoscope in thisindustry 
metal is now made possible through the is another indication of Anaconda’s leader- 
Ultrasonic Reflectoscope. The American ship in quality control in the field of copper 
Brass Company has adapted its use to and copper alloys. The American Brass 
inspect large plates of copper alloys, thus Company, General Offices, Waterbury 20, 
making doubly sure that hidden defects are § Connecticut, — 


This is what happens: 


Simple to operate, the portable Ultrasonic 
Reflectoscope sends intermittent high-fre- 
quency sound waves angularly into the 
plate. if unimpeded, the waves will reflect 
from the opposite edge of the plate and 
indicate a normal pattern on the screen 
of an oscilloscope, as illustrated opposite 
the headline 

Any hidden flaw or internal defect will 
result in o discontinuity of the wave and 
will be instantly evident on the screen, 
Qs pictured immediately above, 


ALLOYS 








x 


HEVI DUTY 
toy mi dtlgatlela=s- 


for 
V LEAD 
Vv SALT 


and 


Vv BABBITT 


Designed for 
@ MELTING 
@ HEAT TREATING 
SMALL PARTS 
@ EXPERIMENTAL 
WORK, ETC. 


Pot Temperatures to 1450° F: 
Chamber Temperatures to 1650° F. Maximum 


These Hevi Duty Pot Furnaces are used for the immersion 
method of heat treating small parts, drills, and taps, and for melting 
and maintaining of babbitts, lead, and solder at proper 

working temperature. 
If your requirements call for any of these operations, you 
will find, as others have, that a Hevi Duty Pot Furnace 
is the solution to your problem. 


Write For Bulletin HD-546 and HD-635 


HEVI DUTY ELECTRIC COMPANY 
HEAT TREATING FURNACES HEVIzeBDUTY ELECTRIC EXCLUSIVELY 


DRY TYPE TRANSFORMERS — CONSTANT CURRENT REGULATORS 
| MILWAUKEE 1, WISCONSIN 
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Low Temperature 
Properties 


(Begins on p. 98) 
peratures on mechanical properties 
of ferrous materials might then be 
summed up by stating that, for the 
most part, properties are improved 
with decreasing temperature, and 
it is only the ferritic materials as a 
class that become embrittled at 
some temperature. The temperature 
where transition from ductile to 
brittle fracture occurs varies con 
siderably, depending on the nature 
of the test and on both external 
and internal factors existing prior 
to and during fracture 

Some progress has been made in 
correlating results of conventional 
tests with service performance of 
materials at low temperatures, but 
designers are cautioned to use ex 
treme care in interpreting such 
results in terms of material pet 
formance. All conventional tests 
for embrittlement provide arbitrary 
measures of the ability of material 
to resist fracture under conditions 
of restriction on deformation. None 
seem capable of integrating all the 
variables significant to the problem 
of embrittlement. For that reason 
reliance can be placed on only 
those tests which more nearly sim 
ulate conditions in service or, at 
least, which have been shown by 
experience to give satisfactory 
indications of the behavior of 
material in its particular reduced 
temperature environment. 

The function of the notch in the 
notched-bar specimen is to accen 
tuate the effective strain rate and to 
provide the degree of constraint 
necessary to differentiate, at room 
or at moderately reduced tempera 
tures and at moderately low rates 
of loading, between materials that 
will be ductile and those that will 
be brittle when subjected to service 
at either very low temperatures or 
under conditions of extreme shock 
loading or both. The V-notch speci- 
men, because of the relative sever- 
ity of the notch, is preferred for 
measuring the impact resistance of 
quenched and tempered steels of 
moderate to high strength levels in- 
tended for fairly severe service 
applications involving low temper- 
atures and shock loading. Because 
of the severity of the notch, the 
V-notch specimen provides a 
sharper distinction between the ap 
plicability of steels to low tempera 
ture conditions. 

The effect of velocity is impor 
tant in impact testing. Increasing 

(Continued on p. 104) 








Machine Tool 
Staying Power 


= 


Jpped * 


i 


BY THESE F STEPS * 


Ist step: Examine Cities Service lubricants for out- 
and-out quality through your purchasing experts or 
test facilities . or from service records established 


by critical users 


2nd step: Look into the completeness of the Cities 
Service line as an aid to simplified ordering and 
prompt, steady supply 
facilities and intensive cooperation to keep you out 
of any lubrication “jam.” 


backed by the extensive 


3rd step: Review today’s most effective lubrication 
practices by consulting that fully informed specialist, 
the Cities Service Lubrication Engineer 


4th step: Ask for facts about the high character of 
the Cities Service line and the practical technical 
assistance now upping machine tool staying power 
for many of industry’s “hardest drivers.” Phone or 
write Cities Service Oi. Company, Room 112, Sixty 
Wall Tower, New York City 5. 


CITIES @ SERVICE Ls 


QUALITY PETROLEUM PRODUCTS 
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“HERE IS 


4,500 cubic feet 


FOR METAL TREATING! 


Standard 
Anhydrous 
Ammonia 








When dissociated, one 100-pound cylinder of Barrett Standard 
Anhydrous Ammonia (Refrigeration Grade) yields 4,500 cubic 
feet of mixed gases—approximately 3,400 cubic feet of pure hydro- 
gen and 1,100 cubic feet of pure nitrogen. 

You effect real economies when you use Barrett Standard An- 
hydrous Ammonia as a replacement for other more expensive 
sources of hydrogen and nitrogen. 

Engineers have obtained many advantages from the use of dis- 
sociated ammonia as controlled atmosphere in furnaces for bright 
annealing, clean hardening, copper brazing, sintering, reduction of 
metallic oxides, atomic hydrogen welding, radio tube sealing and 
other metal treating practices. Anhydrous ammonia also has unsur- 
passed qualities in the nitriding of steel, used as ammonia gag 
or dissociated. 

The advice and help of Barrett technical men are available to 
Barrett customers without charge. 


@. Barrett Standard Anhydrous Ammonia 


In 150, 100 and 50-pound cylinders for fast delivery from a 
stock point located near you. And in tank car shipments from 
Hopewell, Va., and South Point, Ohio. 


THE BARRETT DIVISION 


ALLIED CHEMICAL & DYE CORPORATION 
40 RECTOR STREET, NEW YORK 6, N. Y. 


America’s Leading Distributor of AMMONIA 


Reg. U. 8. Pat. OF 
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Low Temperature 
Properties 


(Begins on p. 98) 

the velocity increases the severity 
of the test and tends to promote 
increasingly brittle behavior. Un- 
til the effect of striking velocity is 
fully understood and standardized, 
the striking velocity should be re- 
corded with all data. 

Composition Increasing the 
carbon content of a steel causes a 
rapid decrease in room temperature 
notched-bar impact results and 
tends to increase the temperature 
of transition or embrittlement. The 
resistance to embrittlement at low 
temperature does not depend so 
much on the quantity of carbon 
present as on the degree of disper 
sion. A fine spheroidal dispersion 
of iron carbide is least detrimental 
to low-temperature properties. A 
contributing factor to low impact 
values for high-carbon steels may 
be the tendency of the higher car- 
bon steels to exhibit quench crack 
ing under some conditions. 

Manganese content up to about 
1.5% has a beneficial influence on 
the low-temperature embrittlement 
of low-carbon steel, but larger 
quantities are detrimental. In steels 
which are sensitive to temper em- 
brittlement, manganese has a detri 
mental effect on low-temperature 
embrittlement. An increase in the 
silicon content of carbon and me 
dium alloy steels considerably 
reduces their notched-bar impact 
resistance. This effect has been dem- 
onstrated in carbon and alloy steels 
over the entire range of micro- 
structure from martensite to pearl- 
ite. It is advisable to keep sulphur 
and phosphorus as low as possible 
in those steels intended for low- 
temperature service. 

The ideal structure to obtain a 
minimum transition temperature at 
a given hardness for ferritic steels 
is tempered martensite. Slack 
quenching, such as occurs in the 
interior of a large quenched section 
of a steel of insufficient harden- 
ability, will produce mixed struc- 
tures or structures which are not 
the equivalent of martensite in low- 
temperature behavior. The pri- 
mary reason for adding alloying 
elements is to increase hardenabil- 
ity and in this way to aid through- 
out in developing the desirable 
martensitic structures. 

The effect of chromium in pro- 
moting hardenability aids in devel- 
oping full hardening in the steel 
which on tempering produces the 

(Continued on p. 106) 
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problems. First, because © 


engineering properties: press 
and resistance to corrosion 


strength, ductility, 

and erosion. Second, because of low foundry 
costs and excellent machinability- And third, 
because of their dependable service and 
long life. 
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your own 
INERTS 


Kemp Inert Gas Generators 
Save $9 of the $10 you now 
spend for Inerts 


Need inerts for purging, fire pro- 
tection, mixing, blanketing or a 
special application? You can save 
up to 90°; on Inert Gas costs when 
you generate your own inerts with a 
Kemp Inert Gas Producer. The 
cost of transportation, bottle jug- 
gling, storage, deposits on cylinder 
inventories and the initial higher 
cost of bottled nitrogen or C02 is 
eliminated. 
ABSOLUTELY DEPENDABLE 

No matter what the demand, 
Kemp Inert Gas Generators give 
you the same analysis Inert Gas 
from 20% to 100% of capacity. 
The Kemp Industrial Carburetor, 
part of each installation, burns 
ordinary gas just as it comes from 
the mains. Assures complete com- 


hEMP , 


OF BALTIMORE 
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bustion without “tinkering.”” Pro- 
duces a clean, chemically inert gas 
to meet your most exacting require- 
ments. 
SEND FOR DATA 

Whatever your requirements, al- 
ways specify Kemp. To find out 
how you can benefit: Tell us your 
atmosphere gas problem, and we'll 
show you how Kemp can solve it 
and save you money! 


INERT GAS GENERATORS 


Write for Bulletin 1-10 for technical 
information C. M. KEMP MFG. CO. 
405 E. Oliver St., Baltimore 2, Md. 
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(Begins on p,. 98) 
spheroidal 
desirable for low-temperature im- 
pact resistance. When used alone, 
chromium may have a tendency to 
promote embrittlement if the steels 
are tempered in the normal ranges. 
Molybdenum, as a carbice 
and hardenability promoter, per 
forms one of its chief functions by 
producing desirable microstruc 
tures in quenched and tempered 
parts. A recognized use for molyb- 
denum in alloy steels is its property 
of inhibiting the temper embrittle- 
ment of susceptible steels. Molyb 
denum up to 0.5 is used to 
minimize this phenomenon 

Nickel as an alloying element in 
ferrous base materials is regarded 


carbide structures so 


former 


as beneficial in preserving tough 
ness at subnormal temperatures. 
A noncarbide-forming element 
which is soluble in ferrite, nickel 
is not dependent on carbon for its 
major alloying effect and, therefore, 
it may be employed effectively ir 
low-carbon iron and steel. A low 
carbon content also is very desir 
able in promoting low-temperature 
toughness, particularly in structures 
of a type or size where normalizing 
and tempering are the most drastic 
treatments possible. The quenched 
and tempered state is the most 
desirable. 

No conclusive data are availablk 
regarding the effect of copper on 
low-temperature properties of steel. 
What is known indicates that cop 
per in solution is mildly beneficial 
in the age hardened or precipitated 
state it has an adverse effect on 
low-temperature Data 
available are not extensive enough 


ductility 


to draw conclusions regarding the 
effect of vanadium, columbium 
aluminum, titanium and zirconium 

Vanadium harden 


ability whereas aluminum, titanium 


Increases 


and columbium decrease it. In gen 
eral, they raise the grain coarsening 
temperature. Their ability to fix 
oxygen, nitrogen and sulphur and 
to promote fine grain size is bene 
ficial to low-temperature notch im 
pact. There are optimum additions 
of these elements above which no 
further benefit may be derived o1 
detrimental results accrue. No data 
are available relative to the direct 
effect of tungsten. 

Nitrogen has been shown to give 
rise to precipitation or aging effects 
when present in amounts ordinarily 
found in low-carbon iron and steel. 

(Continued on ». 108) 





C M F: MANUFACTURING CO. 


INVITES YOU TO VISIT THIS NEW PLANT!... 


.WHEN YOU VISIT THE 
NATIONAL METAL EXPOSITION 
AT DETROIT, OCT. 15-19 


Our new plant is located about 5 min- mt: 103 | 
utes north of Michigan State Fair Grounds Nat'l Metal 
where the exposition is to be held. If you oe 
are interested in automatic polishing, buff- =x 
ing, deburring, grinding or micro-finishing, BA ges aad 
you will find the displays at our plant more . ae éMILE RD. | 
extensive than is possible at our booth at SS 
the show. } 
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Acme Automatics have proved their 
production efficiency and dependability in 
industry for nearly half a century, solving 
a wide variety of finishing problems on a 
practical production basis. 





The progressive development which has 
characterized these machines is reflected in 
our new plant and increased facilities for 
engineering and experimental processing 

. which can help solve YOUR finishing 
problems. 
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with 





TUKON TESTER 
¢ —=e ¢ 
MICROHARDNESS TESTING 








Researchers and scientists 
accept TUKON’s precision 
and repeated accuracy 


@ Where minute indentations and extreme accu- 
racy are necessary, the TUKON Microhardness Tester 
meets the most exacting requirements. A sensitive 
mechanically or electrically controlled system, with 
microscopic viewer, is employed. 

On hardened steel, length of indentation with 100 
gram load is .0016’, depth only .00005’; very small 
metallic crystal areas can be tested. TUKON models are 
available for testing delicate watch parts to properly 
prepared specimens of heavy machinery parts. TUKON 
is necessary in every metallurgical department. 

Information on the correct TUKON Microhardness 
Tester for your work will be sent on request. Just give 
us details of the job. 





MECHANICAL INSTRUMENT DIVISION 
AMERICAN CHAIN & CABLE 


230-6 Park Avenue, New York 17, N. Y. 
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The effect of increasing nitrogen 
content is to decrease the impact 
resistance and raise the transition 
temperature. Although there are 
indications that oxygen itself does 
not cause aging, it seems to have a 
secondary influence on the amount 
of nitrogen or carbon required to 
cause aging. The embrittling effect 
of oxygen in steel and iron is modi- 
fied perceptibly by the presence of 
strong deoxidizers. The effect of 
hydrogen on the embrittlement of 
steel and iron at low temperatures 
appears not to have been deter- 
mined as yet. 

Influence of Steel Making —— Op- 
timum properties for a wrought 
steel of given composition and 
structure are obtained when it is 
fully killed with aluminum in suffi- 
cient quantities so that a definite 
amount is retained in solid solution 
(between 0.02 and 0.08% Al). This 
treatment lowers the oxygen con- 
tent of the steel and produces a 
fine-grained material. The bulk of 
the evidence seems to indicate that 
carefully controlled deoxidation 
with aluminum should improve the 
low-temperature properties of cast 
steels. The part played by grain 
size is not so clearly brought out 
as in the case of wrought steels. 
However, the fine-grained material 
performs the best. Normalizing or 
heat treatment will give higher val 
ues for impact. 

Influence of Microstructure 
Although the effect of mixed struc- 
tures, resulting from heat treat- 
ments other than full quenching, 
still remains to be determined quan- 
titatively, the studies reported in 
the paper by Stout ard McGeady, 
The Welding Journal, 1947, p. 683-S 
to 692-S, show the importance of 
metallurgical structures. Grain size 
exerts a marked influence upon the 
toughness of steel at reduced tem- 
perature. For any given strength 
level, fine-grained steels generally 
possess significantly higher notched- 
bar impact values than coarse- 
grained steels, and also retain their 
toughness down to lower testing 
temperatures. 

Temper embrittled fine-grained 
steel possesses approximately the 
same toughness at all testing tem 
peratures as the same steel in the 
unembrittled but coarse-grained 
condition. The specific effect of 
small additions of various alloying 
elements in increasing the low- 

(Continued on p. 110) 








Products bearing the registered trademark “dag” originate only 
with the Acheson Colloids Corporation, Port Huron, Michigan, or 
with Acheson Colloids Ltd., London, England. Acheson Colloids is 
the world’s largest producer of colloidal graphite dispersions for the 
metalworking and electronic industries, and also supplies dispersed 
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DISPERSION 


dag Acheson (otoids (Corporation, Port Huron, Michigan 
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(Begins on p. 98) 
temperature toughness of steel may 
not be due to the alloying effects of 
the added elements but traceable to 
their influence upon the grain size. 














Enough evidence is now avail 
able to indicate that constituents, 
whether ductile or brittle, in con 
tinuous or network arrangement in 
metal are harmful. Treatments 
which tend to destroy the network 
envelopes or make the constituents 
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concise discussion on heat 
treating, tempering, temper embrit 
tlement, and quench and _ strain 
aging is included. Of particular in 
terest here is the quench from tem 
pering temperature to avoid temper 
embrittling effects. It is possible to 
minimize the effects of temper brit- 
tleness by selecting an alloy compo 
sition which has a high resistance 
to softening so that a tempering 
temperature in excess of 1100° F. 
Your nearby Wheelock, Lovejoy representative knows will be required to produce the 
metallurgy. He stands ready to give you expert assistance in ae pene - 

: . >to ws mch after tem 
solving your problems. pering and avoid embrittlement 
When the tempering temperature 
must be below 1100° F., the highest 
temperature and shortest time prac 


ticable should be employed, fol 
tions, physical properties, tests, heat treating, etc. lowed by a water quench after 


134 Sidney St., Cambridge 39, Mass. = tempering.) 
and Cleveland + Chicago + Detroit , Effect of Welding — All factors 
Hillside, N. J. * Bullale + Cincinnati which affect the notch toughness of 
steel affect the notch toughness of 
weld metal. The welding process 
has little effect on an unnotched 
tensile specimen in terms of yield 
point, ultimate strength, reduction 
| SB ‘ : in area, and per cent elongation. 
4 y K The evidence, however, points to 
ABABA 4 + the fact that 


welding has an ad 


: i * verse effect on the notch toughness 

» A { ().. Warehouse Serrice of steel. This detrimental effect of 

y | \ ( apt She x ino welding on notched specimens has 
LILA ut 


XN y . 
ct “ been confirmed by a variety of tests 
Dt ikhot BLEFEFALO 


Welded structures which are 
CINCINNATI 


. well designed and constructed 
In Canada ith , ee f 

ANDERSON.NE® BOULD, LTD.. MONTREAL with consequent elimination o any 

type of notch effect will perform 


extremely well. 

AISI The performance and strength 
and : <p onnes amepacg Bee mae 
of a welded structure are influence 
by the use of different types of 

(Continued on p. 112) 
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S ° 
x less continuous in form will pro 
the present serious STEEL SHORTAGE & | vi: ieocrevcs oe 
has reduced our warehouse stocks of HY-TEN and Standard at low temperatures. 
alloy steels to a sub-normal level. ee a 
undesirable. Inclusions are detri 
This inventory situation is, of course, very unsatisfactory mental also but vary in degre« 
but we are doing everything we possibly can to improve it. er ggg Sted vd 2 eet ern 
Our aim is to allocate available stocks to our customers in dion: ies Geotail Mecleebde ts a 
the fairest and most equitable way possible. (A 
Defense certifications on your warehouse orders will aid 
us greatly in supplying your alloy steel needs. 
In the light of current conditions, we suggest that you put 
our metallurgical knowledge and experience to work for you. 
It frequently happens that, when certain exact specifica- 
tions are not available, our metallurgists can recommend 
entirely suitable substitute materials or alternate methods of 
manufacture and treatment. 


JINVNILNIVW 


1034 


Write today for your FREE COPY of the 
Wheelock, Lovejoy Data Book, indicating your 
title and company identification. It contains com- 
plete technical information on grades, applica- 


if 


JW4Y 


Ni 
y 


OVER ONE HUNDRED YEARS OF 








0 HILLSIDE 
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indu ui X-ray 
pect ‘accessories 


Just as special as the cassette shown here 











are the plastic flexible film holders that Picker Ww 


makes for industrial radiography. They come 
for example... 
Take the heavy-duty Picker Industrial X-Ray 
Cassette. The girder-section frome is welded and 
reinforced all around .. . hard knocks won't spring They're 80 supple, even when loaded, that 
it out of true. The thick aluminum bock-up plote 


Gives squore support, keeps the front from sagging - s 
under the weight of heavy costings. The cassette And they're tough enough to take the beating 


in a wide range of shapes (including long, 
narrow ones for X-raying welded seams). 


they follow curved or awkward contours easily. 


stays lighttight, maintains good contact . . . and of heavy-duty service. 
lasts a long, long time. hy "i 

You'll find many another special-purpose 
accessory in this newly-issued Picker X-Ray 
Industrial Accessory Catalog . . . it’s crammed 
with useful things for the industrial radio- 
grapher. Get a copy from your local Picker 
representative ... or write to Picker X-Ray 
Corporation, 300 Fourth Avenue, New York 
10. And remember . . . for anything having to 
do with X-ray equipment—equipment, sup- 
plies, or service—you'll do better at PICKER. 





j 


yours for the asking... 
Anywhere you open the Picker Industrial X-Ray 
Accessories Catalog you'll find something of interest 

- everything from Aprons to X-Ray Protective Con- 
struction. Send for your copy now. 


PICKER X-RAY CORPORATION 
300 Fourth Avenue, New York 10, N. Y. 
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| 300% to 400% (even 1000%) 
No | | faster Research and 
| Production Control 


| | analyses 


aoe 


Exceptional speed of 
Jaco Spectographic 
equipment allows 
laboratory to keep 
pace with production 
or process speed 


Experience in chemical 
process plants . . . in metals industries 

. in research laboratories . . . proves 
that the complete Jaco Spectographic 
Laboratory does analyses in one day that 
would ordinarily require three or four days 
by other methods. You can actually make a 
complete quantitative analysis for six or seven 
constituents in less than fifteen minutes. Or, 
if results for a single sample are not needed 
so quickly, you can make several exposures 
on each photographic plate and cut analysis 
time per sample even more. 

But there’s more to the story than speed 
— Jaco Spectographic Equipment is as 
precise as it 1s fast. Overall accuracy of +3% 
of amount present is possible, and in low 
percentage problems as little as 0.0019@ and 
even less of trace elements are easily de- 
termined quantitatively (0.00069 Boron in 
steel, for example). 

These are only a few of the many ad- 
vantages that are yours with Jaco Specto- 
gtaphic Equipment. Find out more by writing 
for all the details today. 


JACO 


projection comparator 


MICROPHOTOMETER 


Designed especially by 
Jaco for your most exacting 
requirements. Measures 
spectrum line _transmis- 
sions quickly and precisely 
(five or more lines a 
minute). 


JARRELL-ASH 


Company 
165 Newbury Street 
Boston 16, Mass. 


If it’s an optical instrument, think of Jarrell-Ash! 
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JACO 70-15 


Stigmatic Grating 


SPECTOGRAPH and 
VARISOURCE 
EXCITATION UNIT 


SPECTOGRAPH (left, 
above): The only stigmatic 
grating instrument commer- 
cially available! Fully auto- 
matic instrument for fast, 
precise analysis of ferrous 
alloys, minerals and for 
use in dozens of other spec- 
tochemical analytical prob- 
lems. Electrical controls are 
simplified, and grouped for 
maximum flexibility and con- 
venience. Toggle switch 
wavelength region shifting. 

Electromagnetic shutter 
controlled from source . . 
grating blank 
lines per inch) 
optical speed and 





accommodates wwe rr x 10” 
plates for oa single 
¢ re spectra URCE “E 

New VARISOURCE EX 
CITATION UNIT (right, 
above): All-in-one excitation 
source — includes DC arc 
high-voltage AC arc and 
high-voltage tandem air-gap 
spark with oscilloscope con- 
trol. High reproducibility 
and precision. 











Write today for Bulletin 


describing these 
instruments — 


address Dept. M 
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Properties 


(Begins on p. 98) 
electrodes, preheating, postheating 
and special welding procedures. 
This is confirmed by work of Gross- 
man and Shepler who determined 
the transition temperatures to brit- 
tle fracture of various types of elec 
trodes and welding methods. It is 
immediately evident from their 
graphs that the lime-coated ferritic 
electrodes (A.W.S. 6015) and the 
process of automatic welding gave 
very low transition temperatures in 
the weld metal as compared to the 
unaffected base plate. The highest 
transition temperature is encoun- 
tered about 1 in. from the center of 
the weld. The use of E6020 elec- 
trodes shows better results than 
E6010. The latter shows its worst 
effect at the fusion zone, while the 
E6020 electrode reaches the high- 
est transition temperature well in 
the heat-affected zone. The oxy- 
acetylene welding process has been 
found to offer the poorest results, 
the zone most affected being the 
center of the weld. 

Influence of Design There is 
no fundamental difference in the 
influence of the various design fac- 
tors upon the behavior of steel 
parts at reduced temperatures as 
compared to room _ temperature. 
There is, however, a difference in 
magnitude of the effects of design 
upon the performance of steel 
structures at reduced temperatures. 
Stress concentrations and _ triaxial 
stress patterns should be designed 
out of a structure to be subjected to 
low-temperature service. 

Wherever possible, thin sections 
should be utilized in the design be- 
cause: (a) the increased constraint 
upon local deformation impaired 
by the surrounding mass of rigid 
metal promotes the brittle type of 
fracture; (b) it is more difficult to 
obtain the tough, tempered mar- 
tensite microstructure in heavy sec- 
tions; (c) with the higher alloy 
needed to get full hardening in 
heavier sections, the metallurgical 
difficulties of temper embrittlement 
and quench cracking are more 
prevalent. 

Steel parts subjected to fatigue at 
low temperatures have an increased 
resistance to crack initiation; but, 
once the crack is initiated, it will 
propagate to complete failure at a 
much more rapid rate than at nor- 
mal temperatures. Therefore, care 
must be taken to avoid high stress 
concentrations. 

(Continued on p. 114) 




















JESSOP 


all custom mace | 


Steel Company 


WASHINGTON, PENNSYLVANIA 








WEAT RESISTANT CASTING 


stn 
ress greet SF 
sth) 


HEAT & CORROSION RESISTANT CASTINGS 


ae PREFERRED 





by INDUSTRY 





Behind the identity of an ACCOLOY trademark 
are years of engineering and research. The 

improved design of castings, the finer grain size, 
the close control of pouring and the multiple 
testing of the finished job are all points of superiority 
that so many manufacturers demand and get 


when they use ACCOLOY castings. 


These ACCOLOY castings, job-proven on the 
production line, can produce more work of higher 
quality with fewer breakdowns and still give more 


net profit per dollar of capital investment. 


Call your nearest ACCOLOY Engineer for an honest 


analysis of your High Temperature problems. 


Producers of Belts Chains Retorts Muffles Salt Pots Roller Rails 


Carburizing Boxes Trays and Fixtures 


ALLOY ENGINEERING AND CASTING COMPANY 


Alloy Casting Co. (Division) 


Champaign, Illinois 


ENGINEERING 1 PHILOSOPHY ~- GOOD ENGINEERIN 
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A TEN-FOLD 




















TEN YEARS 














Pe PENCER 
TURBO-COMPRESSORS 


The horsepower of Spencer Turbo-Compressors 
installed annually has increased tenfold in as many 
years. The simplicity of design and dependability of 
the all-metal Spencer with wide clearances and ball 
bearings is responsible for impressive repeat orders. 
More than 30 furnace and oven manufacturers pre- 
fer Spencer for their equipment. And a widening of 
the applications for blowing, cleaning, cooling and 
drying with high volume, low pressure air has ac- 
counted for many new installations. 


Are you familiar with the many ways air is being 
used in industry? The how, when, and where of com- 
pressed air is described in the new Spencer Data 
Books No. 107-C and 126-A. Ask for your copies 

ow. 


PENCER 


HARTFORD 
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Low Temperature 
Properties 


(Begins on p. 98) 

Surface Condition and Finish 
Surface hardening treatments result 
in a part with a hard surface layer 
having a residual stress pattern 
varying according to the treatment 
and depth of case; consequently, 
this layer is very notch-sensitive. 
It is thus even more important that 
such parts be free of any notch ef 
fect. Steels and thermal treatments 
should be so specified that the core 
material will have an adequate de- 
gree of toughness. Thus. carburized 
steel parts are not recommended. 

Surface imperfections such as 
scratches, machine tool marks 
stamped-in numbers, and other 
flaws may be focal points of failure 
of severely stressed parts. 

Steels for Low Temperatures 
It is apparent that no set rule exists 
to govern the selection of a steel 
for a particular low-temperature 
application. In the design of com- 
ponents, the variables must be con- 
sidered separately on the basis of 
the following factors: Type and 
distribution of stress, rate of strain, 
specific temperature range involved. 
In general, the more severe these 
conditions are, the lower must be 
the transition temperature of the 
steel in the Charpy test. 

The ideal microstructure to ob 
tain a minimum transition temper 
ature in ferritic steel is tempered 
martensite. Hardenability is, 
therefore, an important factor. In 
addition, deoxidation, grain size, 
and susceptibility to temper brittle 
ness must be considered. 

It is not feasible here to repeat 
the long discussion on the selection 
of steels for service under increas 
ingly low temperature, or to con 
dense it. It is sufficient to state that 
suitable steels are available for serv- 
ice under all conditions of temper 
ature, running from plain carbon 
through to the austenitic types as 
conditions become increasingly 
severe. The steel’s alloy content 
alone is no criterion of its’ be 
havior because heat treatment, 
melting and deoxidation practice, 
grain size, tempering treatment, 
design, and other factors all play 
their roles. At very low tempera 
tures, great care must be taken in 
the application of welding and 
other types of postheat treatments. 

Specification Limits It would 
be unwise to attempt to specify any 
given test or a range of test values 
to be used to control quality of 

(Continued on p, 116) 
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NEW METHOD—1500 PER HOUR 


HE Northwest Bolt and Nut Co. of Seattle installed 

a 50 kw 10,000 cycle TOCCO machine, to replace a 
conventional oil-fired slot type forging furnace, for heating 
bolt blanks for upsetting. Production on 2” diameter 
stock zoomed from 500 to 1500 pieces per hour—on 
%” stock from 250 to 600 per hour. 


ADDED ADVANTAGES 
1. Uniform heating for better quality—fewer rejects 
2. Much longer die life due to reduction of scale 


3. Very low maintenance—compared with rebuilding brick- 
lined furnaces 


4. No heating-up time required with TOCCO 


5. Absence of heat and noise—for better working conditions 


Why not have a TOCCO engineer find out how TOCCO can help re- 
duce your forging, brazing, melting or hardening costs—no obligation. 


THE OHIO CRANKSHAFT COMPANY 


inew FREE THE OHIO CRANKSHAFT CO. 
| BULLETIN Dept. ®-9, Cleveland 1, Ohic 


Please send copy of “Typical Results 
of TOCCO Induction Heating for Form 
ing and Forging” 

Name — 
Position 
Company — 


Address. 


EEE Zone a 
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Holcroft furnace for carbo-nitriding bulk-loaded automotive parts. Has 
automatic quench and draw. 


CARBO-MITRIOING 


A Superior Case-Hardening Process 
Developed by HOLCROFT 


CARBO-NITRIDING provides a ‘‘gas cyanided’’ case by heating the 
work in a controlled atmosphere composed of generator gas, hydro- 
carbon gas and ammonia. This Holcroft process uses continuous-type 
furnaces such as the unit shown above, and offers these advantages: 


1 Low operating cost—often as low as one-fourth that of liquid 
cyaniding. 


a 


2 Superior wear resistance—greater than with carburizing. 


3 Greater depth of hardenable case obtained per unit of time than 
by carburizing at the same temperature. 


4 Minimum distortion through low-temperature operation and slow 
cooling when required. 


5 Applicable to both plain carbon and alloy steels 


Although the theory behind carbo-nitriding is mentioned in a patent 
issued in 1883, it was not applied to high-production furnaces until 
rediscovered independently by Holcroft & Company in 1936. The first 
furnaces of this type, built 15 years ago, are still in operation; many 
other production furnaces installed since then have further proven the 
merits of this process. 


You, too, can take advantage of this metallurgical leadership. Write 
today for complete information. 


BLAZING THE HEAT TREAT TRAIL 


6545 EPWORTH BiVD. 
CHICAGO 8 CLEVELAND 15 HOUSTON | 
C. H. Martin, A.A. Eageinaret Wallace F. Schott R.E. MeArdie 
4209 Seath Western Bivd. 1900 Euclid Ave. 5724 Navigation Bivd 


DETROIT 10, MICHIGAN 


CANADA E 
Walker Metal Products, Ltd FF. 
Pari 


Windsor, Ontario 08, France 
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Low Temperature 
Properties 


(Begins on p. 98) 
materials for use at low tempera 
tures under all service conditions. 
Therefore, it is suggested that a 
material and test to control the de 
sired properties be selected for a 
given operation. After material and 
test have been selected, then test 
values should be established through 
actual test at the lowest tempera 
ture at which the material is to be 
used in service. 

The range of specification limits 
should be established only after 
careful correlation with service 
performance. Caution should be 
taken to avoid establishing require 
ments on limited data, since it is 
possible to have service tempera- 
tures which fall in the transition 
zone for the material being used, 
and results could be obtained which 
could not be readily reproduced. 

H. J. Nicnois and S. A. AGNEW 


Centrifugal Castings 
for Aircraft Engines* 


| IGH-ALLOY steel components for 

aircraft engines, which are gen 
erally cylindrical or disk-shaped, 
are reliably and economically pro 
duced by centrifugal casting. Firth- 
Vickers Stainless Steels, Ltd., 
Sheffield, England, has produced 
more than 1% million parts by its 
“Centrispinning” process, first for 
sleeve-valve piston engines, later for 
turbojet and gas-turbine engines. 

rhe centrifugal method used is 
dependent on the shape and design 
of the component. Generally, if the 
length of the part is greater than the 
radial thickness, spinning about the 
horizontal axis is generally pre 
ferred, but if the radial thickness 
exceeds the length, the vertical 
method is often used. The cast com- 
ponent rotates about a true axis in 
either method during pouring and 
solidification. No cores are required 
where the internal shape is regularly 
cylindrical. Metal molds are pre- 
ferred where their use is possible 
because directional solidification is 
assisted by the chilling action of the 
mold and finer grain is produced in 
the austenitic alloys. 

(Continued on p, 118) 

*Abstract of “Centrispun High- 
Alloy Steel Aero-Engine Components”, 
by A. E. Thornton and J. I. Morley, 
Symposium on High-Temperature 
Steels and Alloys for Gas Turbines, 
Iron and Steel Institute, February 
1951, p. 189-194, 





ACID ADDITION AGENT 


Stops fuming of acids — promotes better 
wetting — lowers drag-out — saves acid 
— less harm to operator — less corrosion 
on surrounding equipment — more uni- 
form pickling effective with sulphuric 
acid hot and cold — hydrochloric — 
phosphoric — hydrofluoric acids. 


A new cleaning and pickling agent com- 
bined—removes oil and rust at room tem- 
perature in One operation — prepares 
metals for painting — inhibits rusting — 
apply by dipping or brushing. 


Vr 


INHIBITOR 8 


A new complete inhibitor to stop attack 
on base steel — high inhibition in sul- 
phuric—hydrochloric—phosphoric acids 
—lowers surface tension—less drag-out 
—saves acid—reduces rusting after pick- 
ling — reduces fuming — bright pickling 
— makes pickling a more pleasant and 
healthful operation. 


COMPOUND NR-37 


Prevents rusting during drying but 
leaves no residue — added to hot or cold 
water it permits drying without rusting 
and leaves steel clean for painting — 
very effective for porous castings. 
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Aluminum, Zirconium, 
Tantalum, Sodium, 
Barium and Calcium 

Hydrides 


TITANIU 


IN ALLOY OR SINTERED LUMP FORM 


If you have a problem in alloying with Ti and Zr — or trouble 

with the castings you produce with these alloys — then it's time now 
to discover how Metal Hydrides Incorporated can help you. Thanks 
to new techniques, MH produces Titanium and Zirconium (and many 
other metals and alloys) in commercia! quantities in far more useful 
forms than ever before. For example: 


MH TITANIUM is available as — 


TiCu — A master alloy easily introduced by normal foundry practices. 
Assures high yield at comparatively low cost. 

TiNi — If you work with nickel, and the addition of Ti for its tensile- 
increasing grain-refining qualities is a requirement, you'll get top 

results with TiNi. Readily miscible at normal furnace temperature. 
Sintered Ti— Highly refined lumps for easy, fast, no-loss inclusions. 


... and MH Zirconium is available as — 


ZrCu — Forms age-hardening alloys without loss of heat and 
electrical conductivity ... many other valuable uses. 

Sintered Zr — Safe easy-to-handle form of Zr . . . introduced by 
regular furnacing procedures — gives extra quality to your Cu, Ni, or 
other alloys. 

These new MH metallurgical tools can help simplify your alloying 
problems. Find out how — write today outlining your problem. 


6 big advantages when you use MH Titanium and Zirconium 


Easy to handle 
Non-oxidizing additive 
Economical 


Use directly 
Fortify grain structure 
Refine grain structure 


, Lithium, 


METAL HYDRIDES inc. 
12-24 Congress Street 
BEVERLY, MASS. 
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Centrifugal Castings 
for Aircraft Engines 


(Continued from p. 116) 

Where an irregularly shaped 
part requires a refractory mold and 
refractory core the process is 
termed “semi-centrispinning” and 
the axis of rotation is usually ver- 
tical. With refractory molds there 
is always some tendency for erosion 
of the mold surface with consequent 
danger of entrapping nonmetallics 
in the casting. The castings pro- 
duced in “permanent” metal molds 
therefore are generally cleaner of 
harmful inclusions. 

To insure freedom from shrink- 
age porosity, due consideration must 
be given, as in static casting, to 
achieving directional solidification 
and to providing adequate metal for 
feeding. This is more easily ac- 
complished in the centrifugal proc- 
ess where the first metal poured goes 
to the outer periphery and freezes 
first, and the last metal poured is 
nearest the center to feed out 
wardly into the solidifying part. To 
consistently achieve this desirable 
state of affairs, it is necessary in 
many cases to add feeding metal. 
This can be subsequently removed 
by machining. Much depends upon 
the correct control of speed of rota- 
tion, rate of pouring, and casting 
temperature. 

The advantages of centrifugal 
casting methods are summarized as 
follows: Highest quality of metal 
and freedom from defects or poros 
ity; freedom from directional or 
center-line weakness; flexibility in 
production; and ability to process 
alloy compositions which are diffi- 
cult to form by usual methods. 

Quality control and inspection 
must be of the highest efficiency to 
insure that the quality of the out 
going product is consistent with the 
best possibilities of the centrifugal 
process. The detection of defects is 
somewhat simplified by the fact that 
in centrifugal castings the flaws are 
nearly always surface defects eithet 
on the periphery or in the core. 
Rough machining and then hot pick- 
ling or macro-etching is the most 
efficient method for inspecting aus 
tenitic steel parts. 

Three steels which have been 
produced most extensively for turbo 
jet and gas turbine applications are 
an 18-8 chromium-nickel stabilized 
with titanium, 18-12 chromium- 
nickel stabilized with columbium, 
and a 24-12 type with nearly 3% 
tungsten. The columbium-stabilized 

(Continued on p. 122) 





The design and construction of this Rolock 
engineered-to-the-job furnace basket is a practical 


example of heat and quench efficiency. 


Vital seconds are saved thru operation of the two- 
piece center drop-bottom grid which dumps a 
dense load more uniformly than the usual one-piece 
grid with single hinge. It is foolproof... instant... 
rugged. The work hits the quench at practically its 
maximum temperature for uniform, high quality 
pit type furnace heat treating. Fabricated-welded 


construction and the use of a high nickel alloy 


Offices in: PHILADELPHIA * CLEVELAND ¢ 


ROLOCK INC. » 
a - 


DETROIT * HOUSTON 


* INDIANAPOLIS * 





SAVE SECONDS 
TO PREVENT SECONDS 


insure long service life, thus conserving scarce 


nickel. 


Basket weight is 157 Ibs.; load 1200 Ibs.; a favorable 
high ratio of almost 8 to 1. 


Rolock engineers welcome opportunities to solve 





tough material handling 
@ See our exhibit at the 
Metal Show, October 15-19 
Detroit, Mich., Building D, 
Booth 0140. 


problems. Their assist- 


ance is yours on request 








CHICAGO * 8ST. LOUIS * LOS ANGELES * MINNEAPOLIS 


1222 KINGS HIGHWAY, FAIRFIELD, CONN. 


oe ae 


for better work 
Easier Operation, Lower Cost 
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SPECIAL PRODUCTS DIVISION 





portrait! 


METAL MOLD CENTRIFUGAL CASTING SPELLS ECONOMY AND EFFICIENCY 


FOR WIDENING GROUP OF STAINLESS STEEL PRODUCTS 


Finish machined Armco 17-4 P H Stainless Steel valve plunger with 
welded plate and port for the paper industry. 


a . 


Type 303 Stainless Stee! stock from which rings and sleeves are 
fabricated for many industrial and defense applications. 


5 - i? Pk. 
Rough machined Type 316 Stainless Stee! bow! costing for the 
food and processing industries 


Pictured here are a few of the many stainless 
steel products now included in the rapidly in- 
creasing family of products centrifugally cast 
for industry by our new metal mold process. 

This method offers many specifie advan- 
tages. For one. centrifugally cast stainless steel 
cylindrical sections. formed by pouring molten 
metal into rapidly spinning, refractory-coated 
permanent metal molds represent the ultimate 
in casting quality. imparting a fine, dense grain 
structure, unusually free from conventional 
casting defects. 

You may find that your stainless steel prod- 
uct can be cast more advantageously by this 
versatile process. Our engineers will be glad 


to answer any of your questions. 





SIZE RANGE AND COMP 
Outside Diameter + 
Wall Thickne 
Length —Up to 14 in the cast” condition 


Types of Stainless Cast — All standard AIS 


grade { ter ’ anc ustenitic 





CHECK THESE ADVANTAGES FOR YOUR 

CYLINDRICALLY-SHAPED PRODUCTS: 

NY Reduced Processing Time and Increased 
Production. 


NY Minimum Scrap Loss. 


‘(NY Design of parts to suit the specific job require- 
ment by selecting the correct alloy — not the 

next best available alternate. 

Conservation of critical metals and alloys 

especially on tubular parts now produced from 

solid sections. 








NEW EDITION. Contains many new facts and suggestions— more useful 


information than previous editions. 


THIS BOOK WILL 
SAVE YOU MONEY 


ON THERMOCOUPLES AND PYROMETER ACCESSORIES 


Put this new 56-page buyers’ guide and users’ manual to work in 
your plant Write for free « opy today. 

Bristol's new engineering handbook makes correct selection and ap- 
plication of pyrometer supplies an easy matter. Lists the widest variety 
of thermocouple assemblies, pyrometer tubes, terminal heads. thermo- 
couple wire and extension wire on the market. Address THE BRISTOL 
COMPANY. 106 Bristol Road. Waterbury 20, Conn. (The Bristol Com- 
pany of Canada, Ltd., Toronto, Ont.) 


Let Us Show You How You Can Save Money By Using Bristol’s 
“Team-Up” Pyrometer Supplies Plan 
You save. first, by “teaming-up” your purchases of thermor ouples 
and pyrometer accessories to take advantage of Bristol's substantial 
quantity discounts. 
You save. second, by having adequate reserves always on hand. thus 
avoiding delivery delays which might be costly 


Bristol carries stock for immediate shipment in Waterbury. Conn.., 


BRISTOL 


AUTOMATIC CONTROLLING, RECORDING 
AND TELEMETERING INSTRUMENTS 


Chicago and San Francisco. 
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Centrifugal Castings 
for Aircraft Engines 


(Continued from p. 118) 
alloy with 12% nickel has the best 
creep properties but is not easy to 
cast and is sensitive to hot tearing 
The higher chromium alloy with 
tungsten has the best scaling resist 
ance and good casting properties 
The _ titanium-stabilized alloy § has 
good ductility and adequate stabil 
ity but may have titanium-rich in 
clusions to which some engineers 
object. 

It is apparent from this paper 
that the centrifugal casting practices 
in England embody no new princi 
ples not already well proved in this 
country. The control and inspection 
practices to insure optimum quality 
have apparently been developed to 


a ver gh degree. - 
i very high degre C. K. Doxone 


High-Tensile 
Structural Steel* 


‘TRENGTH of steel may be 

“ hanced by (a) cold work, (b) 
heat treatment or (c) the addition 
of alloying elements. For structural 
purposes, where steel is used in as- 
rolled condition, only the third 
method has widespread application. 
The main requirements for a good 
structural high-tensile steel are suf 
ficient strength to permit saving in 
weight commensurate with added 
cost, good plastic range to reduce 
the adverse effects of stress raisers 
such as notches, good ductility and 
impact strength, high fatigue re- 
sistance, ease of fabrication, weld 
ability and improved corrosion 
resistance. 

Weldability of high-tensile low 
alloy steels has been improved by 
limiting the carbon content and in 
troducing special alloying elements, 
such as titanium, molybdenum and 
vanadium. Considerable effort also 
has been directed toward bette: 
welding technique, including the 
use of special electrodes, most fa- 
vorable gage of electrodes and opti- 
mum welding speeds. From the 
corrosion point of view, copper 
nickel-chromium compositions show 
to advantage but the carbon-silicon- 
manganese group has no particular 
merit. 

While the usual high-tensile steel 
in British use has a yield stress 50% 

(Continued on p. 124) 

*Abstract of “Structural High- 
Tensile (Low-Alloy) Steel”, by O. A 
Kerensky, Engineer, March 1949, p 
238-241, 








HEAT TREATING FURNACES 


For ALUMINUM 
Aging + Pre-heating 


Solution heat treating 


For FERROUS METALS 
Stress relieving » Normalizing 


Aging + Tempering - Drawing 


For all heating requirements up to 1350° F. 
where accurate heat control and uniformity 
in the work chamber is desired. Car bottom 
furnaces. Bottom entry quick quench furnace 
for solution heat treatment of aluminum. 
Conveyorized furnaces and all other material 


handling designs. 


Laboratory furnace for research and production control 


4 


Battery of Despatch pot type furnaces heat treating steel parts. 


Despatch Stress Relief Furnace, gas fired car 
bottom type. Has automatic pre-heating, soak- 


ing and cooling control. 


: i 
ha 
r, u 


a 


Despatch continuous conveyor 
furnace for steel heat treating. 


Write to Dept. P for more information. 
Minneapolis Office: Chicago Office: 
619 S. E. 8th St. 4554 Broadway 
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~ BRAN DT 


MEETS SCHEDULES FOR 


DEFENSE CONTRACTORS * 
MASS PRODUCTION ON BRANDT’S 
ASSEMBLY LINES SPEEDS UP COMPONENT 
PARTS FOR PRIME & SUB-CONTRACTORS 


You can be sure of dependable, on-time deliveries 
of component parts for your prime defense contract 
work, regardless of size or quantity, when Brandt's 
facilities and experience are on the job. Two mod- 
ern defense plants, with 240,000 square feet of 
production lines for mass production of metal stamp- 
ings, heavy weldments, general fabrication and 
complete assemblies, are at your command! 


Brandt’s proximity to steel mills and rail and water 
transportation assures you on-time delivery. 


*Regardless of stepped-up defense production, our in- 
dustrial accounts still receive prime consideration. 


WRITE TODAY 


S TAM P | N G S for your copy of this 


handy file of Brandt 
WELDMENTS tes for ell Kinds of 
metals. 


SPOT WELDED 
ASSEMBLIES 


PRESSED STEEL 
SHAPES 
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High-Tensile 
Structural Steel 


(Continued from p. 122) 
higher than that of mild steel, the 
practice of bridge engineers has 
been conservative and the allowable 
working stresses have been in 
creased only 40% in general. Ap- 
parently, this conservative position 
has been taken because of the lim 
ited experience with the newer 
steels. 

The selection of suit ible steel for 
a structure is governed by technical 
considerations, such as where light 
ness is obtained with use of supe 
rior steel as in bridges for military 
use, or where corrosion resistance 
must be obtained; or by commercial 
factors where the use of superior 
steel results in a structure of lower 
cost. The first cost of steelwork in a 
structure is made up of seven main 
items Costs of (a plain material 
(high-tensile structural steel re 
quires the addition of alloying el 
ments involving addition costs, not 
only in the supply of the alloys, but 
also in the increased difficulties in 
production), (b) fabrication, (c¢) 
transport, (d) erection, (¢) paint 
ing, (f) overhead, and (gq) profit. 
The author analyzes the situation 
for an average structure in Great 
Britain and shows that, if the per 
centage weight saving resulting 
from the use of high-tensile steel is 
P, the saving is cost of steelwork is 
approximately ('%% P—3). The 
weight saving anticipated by the use 
of high-tensile steel in various gir- 
ders and joists is computed and 
ranges from 6 to 27%, depending 
upon section, span and loading. 
There are general advantages to 
the industrial economy resulting 
from the use of high-tensile steels s 
that their more extended use in 
structures seems justified even 
though the monetary saving in the 
individual case may not be large. 
S. FEIGENBAUM 


Gas-Turbine Materials* 


shes SPECIAL material problems of 

large closed-cycle gas turbines, 
as distinguished from open-cycle 
plants, center on the air heater, 
where long life is required of tubes 
working at temperatures up to 

(Continued on p. 126) 

*Abstract of “Gas-Turbine Per 
formance and Materials”, by J. B 
Bucher, Symposium on High-Temper- 
ature Steels and Alloys for Ga 
tama ent -_ Steel Institute, 


February 1951, 17-23. 





of your competition... 


Alert, aggressive suppliers to the nation’s 








giant metal industries will be way out in 
front of their stay-at-home competitors by 
showing their products at the biggest and 


finest National Metal Exposition in history! NATIONAL METAL 


More than 45,000 metal industry folks will 


be at this great Show . . . they'll be in a buy- EXPOSITION 
* 


ing mood and they'll be hungry for ways and 
means to step up production. Make up your 


mind right now to be on the firing line when NATIONAL METAL 
this vital Show opens its doors in October. 


Write, wire or phone... CONGRESS 
a 


NATIONAL METAL EXPOSITION 
C/o American Society for Metals WORLD METALLURGICAL 


7301 Euclid Ave., Cleveland 3, Ohio 


Telephone —UTah 1-0200 CONGRESS 
Oct. 15-19 + Detroit, Michigan 
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NIAGARA ~~ 
Aero str 
Heat 8 
Exchanger 





sip 














U.S. Reissue 
Patent Nos. 22,533 
and 22,553 


Extends quenching capacity without extra water or 
cooling tower. 


Quickly pulls down heat at initial peak load 
of Quenching. 


“Balanced Wet Bulb” Control holds quench bath 
at proper temperature, heating if needed to start 
after shut-down, and cools or heats by automatic 
control. 


Saves cleaning expense as compared to cooling tower 
which picks up acids and fumes from air. 


USED IN THE MANUFACTURE OF OVER 
APPLICATIONS 400 PRODUCTS INCLUDING 
Quench Oils Aluminum, copper, steel, nickel and alloys. 
Cutting Oils Diesel, aircraft, automotive and other engines. 
Lubricating Oils Chemical processes, plastics, adhesives. 
Cooling water and Gears, bearings, forgings and castings. 
brine Wire, controls, electronic products. 
Cooling gas and Ammunition, explosives, shells, ordnance, firearms, 
compressed air Farm machinery, tools, hardware. 


For help in increasing production, saving of cooling water, 
write for Bulletin $120. Address 


NIAGARA BLOWER COMPANY 


Over 35 Years’ Service in Industrial Air Engineering 
Dept. MP, 405 Lexington Ave. New York 17, N.Y. 


Experienced District Engineers in all Principal Cities 
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Gas-Turbine Materials 


(Continued from p. 124) 
1500° F. with maximum operating 
stresses of the order of 3500 psi. It 
is unsatisfactory to extrapolate 
creep and rupture data from tests 
of only about 5000 hr. duration to 
time periods of 100,000 hr., and the 
author makes a plea for a few 
check points at 20,000 to 50,000 hi 

Another problem unique with 
the closed cycle is that the tubes 
are cold worked in manufacture, 
and for most materials it has not 
been determined how this affects 
the creep and rupture life or what 
heat treatments may be required 
subsequent to cold working to re 
store the inherent strength of the 
alloy. If a solution treating temper 
ature of the order of 2300° F. is 
required, this probably would be 
found impractical due to the long 
lengths of tubes. The tubes must 
also be joined to one another and 
to the tube sheets by welding, and 
adequate data are not available for 
most materials on weldability and 
the high temperature strengths of 
welds. 

The most serious problem en- 
countered thus far, however, is cor- 
rosion from fuel oils having high 
vanadium content. In closed-cycle 
plant tests of 200 hr. at about 1500° 
F. maximum tube temperature, 
tubes of a complex nickel-chro 
mium-cobalt austenitic steel were 
completely perforated. The ash 
deposits contained approximately 
80% vanadium as V,0O,. An open- 
cycle gas turbine experienced blad 
ing attack after firing for about 300 
hr. with a fuel oil that left an ash 
containing 25% vanadium as V,O,. 
The turbine inlet temperature was 
about 1200° F. 

The author couples these obser- 
vations with numerous laboratory 
tests and makes the statement that 
no heat resisting alloy is immune 
to even very small amounts of va- 
nadium. Attack seems to begin at 
about 1100° F. and at about 1300° F. 
no material can be expected to have 
a life of more than a few thousand 
hours. It has been observed that 
complex nickel-chromium-cobalt 
alloys (such as GI8B or Rex 326) 
are more readily attacked than high 
nickel alloys (Nimonic 80) or the 
standard 18-8 columbium or tita 
nium stabilized materials. 

During one run with the closed 
cycle plant, carbon tetrachloride 
was added to the oil in an effort to 
volatilize the vanadium. This 
procedure did not produce an 

(Continued on p. 128) 





Only Individual in the U.S.A. 
with No Interest in the Steel Situation 


There’s no point in beating around the bush. 


You know the steel picture as well as we do. 
In these rearming times, our mills are pro- 
ducing every ton of steel to capacity, yet we 
still can’t fill all the requirements of our regu- 
lar customers or go out looking for new business. 


But of one thing you can be sure. The steel 


we are making today is as fine as strict metal- 
lurgical control can make it. And we can and 
will continue to be completely honest about 
our ability to deliver. When we make a com- 
mitment, you can rely on shipment as and when 
promised, 


in the specifications and with the 


quality you have learned to expect from us. 





WISCONSIN STEEL COMPANY, affiliate of 
INTERNATIONAL HARVESTER COMPANY 


FA 
HARVESTER 


180 North Michigan Avenue, Chicago 1, Illinois 





WISCONSIN STEEL 
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Scientific, Commercial 


Steel Treating “Cetping 
8 a 


for 39 years ae 
bing 


Any steel treating 
process available 
on a commercial 
basis is waiting 
for your order at 
Lakeside! Ex- 
panded facilities, 
new and faster 
equipment make 
the time between 
your “‘ticket"’, and 
delivery of heat 
treated parts ex- 
actly as specified, 
much shorter. 
Call your Lake- 
side metallurgist 
today—he has the 
answer to any 
metal treating 


problem. 





& 5418 LAKESIDE AVE., CLEVELAND 14, OHIO 


HENDERSON 19100 
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For example .. 


. pages 6 and 7 detail a 


new method of removing heat scale and 
rust—eliminating the use of hazardous 
liquid acids. It has the following interest- 


ing advantages: 


® Safe ...non-inflammable... 


non-explosive. 


® Economical . . . used in either hot or 


Other Barrel Finishing 
Improvements are out- 
lined in Bulletin No. 44 

better materials and 
methods for barre! debur- 
ring and ball burnishing 
Write for as many copies 
as you can use 


cold solution. 
* Eliminates danger of overpickling. 
* Eliminates acid fog and dangerous 
handling and storage problems. 


® Saves time . . . improves finish . . . 
does a complete job. 


MAGNUS CHEMICAL CO. * 96 South Ave., Garwood, N. J. 


In Canada—Magnus Chemicals, Ltd., Montreal. 


Service representatives in principal cities 


¢ EQUIPMENT 
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Gas-Turbine Materials 


(Continued from p. 126) 
improved result, and may have ac 
celerated the attack. Other addi 
tives have shown more promise and 
experiments are continuing 

The author points out that de- 
signers encounter a “no man’s land” 
between about 1025 and 1100° F. in 
the selection of materials for long 
life. Below this range, more or less 
standard ferritic steels are satisfac 
tory, and above, austenitics are re 
quired. He emphasizes the need for 
improved ferritics so that it won't 
be necessary to overdesign by using 
austenitics in this range. 

C. T. Evans, Jn. 


Joining Metals 
With Resin Adhesives* 


| ypmerang OF METALS with synthetic 

resin adhesives is compared 
with the older methods of fastening 
and while all these have their limi 
tations, particularly in the case of 
heat treated aluminum alloys, syn- 
thetic resins are, In many instances, 
to be preferred, especially for light 
alloy work. 

The chief recommendation for 
resins is that they may be easily 
changed from liquids, or from sol 
ids with low melting points, into 
hard infusible materials that are 
resistant to a wide variety of con 
ditions including exposure to 
weathering, acids and alkalis 
These phenolic resins may be pre 
pared as viscous liquids which, 
with the help of suitable solvents, 
are brushed or sprayed on metals 
and then hardened by baking for a 
short time at 280 to 300° F. Hard 
ening may also be made to occur 
without heating with the use of a 
suitable catalyst. Acids or acid 
formers may be used particularly 
with urea-formaldehyde resins. The 
use of acid formers, however, is not 
suitable with metal as corrosion 
takes place readily. 

Reference is made to pressure 
welding to explain the formation of 
a satisfactory bond resulting from 
the forces of attraction when mole- 
cules of metal are brought into suf 
ficiently close contact. Suitablk 
resin adhesives, when applied to 
perfectly clean metal, may be 
looked upon as the filling-in of mi- 
croscopic voids in the surface, with 

(Continued on p. 130) 

*Abstract of “The Bonding of 
Metals”, by C. J. Moss, Metallurgia 
June 1951, p. 267-272. 








sli WNATIONAL METAL EXPOSITION 
HW NATIONAL METAL CONGRESS 
Kw WORLD METALLURGICAL CONGRESS 


Detroit, Mich. « Oct. 15-19 


1951 Metal Show ...soon to be the 


Shaw of td Kind on Cehilty / 


Nothing quite like it has ever been seen 

. and the world’s greatest concentra- 
tion of metal men... engineers, design- 
ers, scientists and processors who will 
be looking at the new .. . the different 
... the vastly improved machines, proc- 
esses and techniques will reflect the 
enthusiasm and excitement that become 
a vital part of a Show so big .. . so 
important and so broad in scope. 

More than ever before . . . Metal is 
everybody's business! That’s why the 
freedom-loving peoples of the world are 
responding .. . that’s why what will be 
seen and heard at the 51 Show makes 
this Show the finest of its kind ever 
staged anywhere! Today’s critical con- 
ditions ... at home and abroad .. . make 
imperative your presence as an exhibitor 
among the highly competitive products 
and processes ... and make doubly nec- 
essary your presence in person at this 
greatest of all Metal Shows! 




















big Euinne 


Whenever the nation’s leading metal men take 
time off at the peak of production to congregate in 
ONE PLACE and to check on what's new 
what’s faster, better . . . to look purposefully into 
competitive fields and to spend a full week or more 
absorbing the fullest information on new tech- 
niques ... you've got BIG BUSINESS. 

The 45,000-plus metal men who will attend the 
1951 Metal Show will be there on business 
YOUR BUSINESS if you are an exhibitor and if 
you have your Show staff primed and trained to 
do a top-notch selling job! With today’s world 
conditions demanding more and more production 

with defense orders swinging into high gear 
and consumer demand sure to boom again with 
relaxed credit controls . . . the metal men of the 
nation and the world will be keenly interested in 
anything that will facilitate their production in an 
era of peak demand. 

What's more... the new techniques and the 
new ideas you'll hear at the technical sessions will 
keep you abreast of competition and informed on 


the important changes the metal industry faces in 


the years ahead. You can’t afford to miss . .. with 
your products or services ... or your key men! 





The Wea Shaw hu the Buyers. 


use the Show concerns itself with everything metal industry 
"men need and want .. . because it is a specialized presentation 
© dramatic and colorful . . . to a specalized field it builds prestige and 
profit for every exhibitor ... for every registered guest. 

Measuring the impact of the Show itself on the metal industry 
men who make it their business to attend is a complex and difficult 
thing ... but experience has proved that fact that long months after 
the Show itself is history —-the Show keeps right on selling for those 
exhibitors who had what it takes in the way of products, processes 
or services. What they see, what they learn and what they take 
away with them is the key to the business that keeps right on pil- 
ing up from the metal men .. . even repeat business that started 
with a purchase during the Show. 

Exhibitors have learned much from experience, too. That's why 
the displays being prepared now for the “51 Show are smarter, snap- 
pier than ever before .. . that’s why they've added motion, color 
and excitement to their displays. Good showmanship is good sales- 
manship and your exhibit, properly and attractively designed, will 
get you a share of the attention and the sales that are started at 
the Show. 

A few good spots are still available and your reservation for this 
greatest of all metal shows ought to be on its way this very minute 
to assure your chance of bigger sales where the biggest group of 
metal industry buyers will be... Detroit, Mich., Oct. 15-19. There’s 
no time to lose! 





The Buyers will look Fiat at the Mitel Stow 


They'll want to see what’s NEW They'll look for production “boosters” 


They'll examine your products carefully 
They'll want to know about everything 
They'll judge your exhibit and interest 
They'll buy from exhibitors who sell them! 


They'll check on major improvements 


They'll want detailed performance data 


* 

* 

@ They'll ask about prices, deliveries 

& 

@ They'll be interested in your sales story 











The Metal Show 


Good bulinedd. 


It’s going to be a whale of a year .. . 
because it’s going to be a whale of a Show. 
That yardstick works--and over the years 
when the Show has been big, bustling and 
packed with competitive products, it’s meant 
a busy year for the metal industry. Right 
now this one figures to be the Show of Shows 

in size, in scope, in impact on defense 
and civilian producers of things fashioned of 
metals. 


As a business barometer, the Shows have 
reflected the moods of business everywhere 
and this year there is every indication of 
booming production . . . sustained high sales 
and consumer markets to gladden the hearts 
of all alert manufacturers. Proof of that lies 
in the growing lists of exhibitors who want 


in on this greatest of metal round-ups and 
the reasons expressed for demanding a spot 
in the “big league” Show. Those reasons 
vary trom a sober realization that no matter 
What comes they'll have to fight for their 
markets... to a buoyant optimism over sus- 
tained good business. 


Beyond the market predictions of those 
exhibitors who sell to the metal industry lies 
the sound and proven need for retaining 
identity and product prestige in the Show 
itself. Long ago the wiser suppliers to the 
metal industry learned that it makes a lot of 
sense to be a remembered unit in the big 
parade of the metal industry! 


; 

' 
\ 
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BAROMETER 








The Nedional, Métal Congrede- 


“US ty Progress 


Want to know what’s cooking for the Conservation, substitution and best use 
metals you work with? Want to know of critical metal supplies are sure to get a 
about newly engineered formulas for met- thorough airing ... as well as new ways 
als that'll bend, shape, form easier, faster of making metals behave under today’s 

that'll take a better finish or perform a special needs. Plan your Show time to 
specific job at lower cost? Without expos- include the sessions of the Metal Congress 
ing what the metal scientists have up and be sure your engineers and your key 
their sleeves for this vital phase of the men are present to keep abreast of what's 
Detroit events, it’s a good guess that every new and important in the frontier of 
man who works with metals will find the metal development. Check your programs 
time spent at these sessions mighty help- and make sure you don’t miss the excit- 
ful and maybe profitable, too, for the im- ing, informative, 


educational hours 
mediate months ahead. planned for you! 


The Metal Congress, as 
in years past, will feature 
the technical progress of 
the following national tech- 
nical societies: American 
Society for Metals; Ameri- 
can Welding Society; Soci- 
ety for Non-Destructive 
Testing and the American 
Institute of Mining and Met- 
allurgical Engineers, Insti- 
tute of Metals Division. 























Freedom Understanding Common Defense 


fy 


... the first event of its kind in all History 


It has taken man endless centuries to reach the point where, for a com- 
mon defense against a common enemy, he is willing to share with his neigh- 
bor the knowledge he has accumulated in the making and the development 
of weapons for defense. 

Now, for the first time in history, under the sole sponsorship of the 
American Society for Metals, free men from the free nations of the world 
will pool their resources .. . in arms, in manpower, in SCIENCE. What 
concerns the metal industry of America rests in the knowledge, the tech- 
niques and the conservation experiences that will be brought forth at the 
World Metallurgical Congress. 

Because hundreds of foreign metal scientists will be present and 
because a natural reticence might make them a bit shy of open discussion 
with American metal industry men—it’ll take a lot of that easy, solid good 
fellowship Americans have to make our guest scientists feel at ease 
to feel at home. From these men Americans should learn much of produc- 
tion in times of critical shortages . . . for these men have worked and pro- 
duced under severe handicaps and what they have accomplished should 
add measurably to our stock of knowledge. 

Facing a common enemy, the most precious weapon at our command 
is KNOWLEDGE . . . and to anyone who can help, by his experience and 
his scientist’s hunger for accurate information—America should and will 
extend the courtesy of deep interest and encouraging response. So plan 
now to be there ... plan to learn all you can from the scientists who have 
never had the advantages Americans consider routine in the development 
and production of weapons for defense! 
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will paeedciae The 


NEWEST and FINEST 


products . .. processes and techniques for improved pro- 


duction the metal industry has ever seen . . . making this the 


BIGGEST ad BEST 


Metal Show in thdlou —Oct. 15-19 
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How to select grain structures for 
better machinability of alloy steels 


The combination of grain structure, ductility and hardness has, 
in general, much to do with the degree of machinability of an 
alloy steel, 

For purposes of comparing different types of machinability, 
all alloy steels may be grouped in three carbon rangcs low 
carbon, .08 to .30 pet; medium carbon, .30 to .50 pet; and high 
carbon of .50 to .Bo pet 

Each of these ranges must be considered separately, as each 
has a pronounced effect on the corresponding grain structure 
and machining properties. Certain grain structures may be well 
suited for one type of machining and at the same time wholly 
unsuited for others. For example, in a medium carbon range, an 
alloy steel with a spheroidized structure may be good for turning 
operations, poor for forming, fair for drilling, and poor for 
broaching. This, of course, means that a compromise must 
usually be accepted to get the most economical overall machin- 
ability in any one grade of steel 

The table shown here is a suggested guide. It contains various 
combinations of carbon range, heat-treating process and struc- 
ture believed to be most suitable for each type of machining 

Our metallurgists will gladly furnish further information on 
the relative machinability of various alloy grades. Call or write 
for this information. 

Bethlehem is a dependable source for all of the AISI alloy 


steels as well as the full range of carbon grades and special steels 


BE ee ae COMPANY, BETHLEHEM, PA 


t Bethlehem products are 1 by Bethichem Pacific 
flor ” Exbe rt Distributor Bethlehem Steel Expor Corporat 


Sorbitic, 


Lamellar, High C 


Med. C 





CARBON RANGE 


PROCESS STRUCTURE TURNING 


DRILLING 


BROACHING 





LOW (C .08 to .30) 
MEDIUM (C .30 to .50 
MEDIUM (C .30 to .50) 
MEDIUM (C .30 to .50) 
HIGH (C .50 to .80) 
HIGH (C .50 to .80) 
HIGH (C .50 to .80) 


Normalize or Anneal Blocky Ferrite Good 
Anneal Spheroidized Good 
Anneal Lamellar Fair 

Heat Treat Sorbitic Fair 
Anneal Spheroidized Good 
Anneal Lamellar Fair 


Heat Treat Sorbitic Good 


Good 
Fair 
Good 
Fair 
Good 
Poor 


Good 


Good 
Poor 
Good 
Fair 
Fair 


Poor 
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UNSURPASSED 
QUALITY 


Combines the operating economies of 

lorge continuous furnaces with the 
flexibility of batch-type equipment. Positive, 
directed flow of furnace atmosphere through 
load, combined with the “heat capacitor” 
ossures rapid, uniform heating on dense, 
bulk-loaded parts and even on light case 
work. 











GREATER 
PRODUCTION 


The Dow Furnace has established 
production records in plants through- 

out the country. Forced, uniform quenching 
from atmosphere gives full hardness, reduces 
distortion, eliminates decarburization. One 
man con operate two furnaces with ease, 
producing as much as 1500-Ibs. of light cose 
work per hour 


WIDER 
VERSATILITY 


Whether it's gas cyaniding, gas car- ” 


burizing, clean hardening or carbon 
restoration work, the Dow Furnace is 
capable of processing a variety of parts 
having a wide range of heat treatments. To 
demonstrate the close tolerances of heat 
treatments, send us samples of your own 


parts for processing. 


Reductions in direct labor, material handling, 
machining and cleaning costs, coupled with im- 
proved quality, have resulted in savings amortizing 
the original cost of the Dow Furnace in a few 
months. Gas cyanides for % to % the cost of 
liquid cyaniding. 





12045 Woodbine Ave. + Detroit 28, Michigan 
KEnwood 2-9100 
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Joining Metals 
With Resin Adhesives 


(Continued from p. 128) 
the result that the resin adheres to 
the uneven metal surface and the 
main base metal adheres to the 
resin, 

Phenol-formaldehyde resin may 
be brushed on metal and a_ poly- 
vinyl formal powder sprinkled onto 
the resin. This powder makes the 
glued joints tough but it does not 
“wet” the metals properly, even 
when subjected to heat and pres- 
sure. The thin coating of phenol- 
formaldehyde, however, wets the 
metal efficiently and is also a par- 
ticle solvent for the polyvinyl! 
formal. Together the two make an 
excellent metal adhesive. Rubber 
may be bonded to metal. 

Glued joints are strongest in 
shear and are good for tension, but 
they should not be subjected to a 
“peeling” effect or the rolling back 
of one sheet of metal from another, 
which causes stress concentration 
in a narrow band. tesin glued 
joints have been made having a 
shear strength of 8800 psi., while 
a strength of 5000 psi. is obtained 
readily. One of the latest resin 
compounds, “Araldite”, has given a 
strength of 10,000 psi. 

Haroip J. Roast 


Increasing Bessemer 
Production” 


| URING a Shortage of hot metal 
while a blast furnace was down 
for rebuild, oxygen from a driox 
station was used in one 28-ton con- 
verter to melt as much additional 
scrap as possible, because any ad- 
ditional scrap would increase the 
weight of gross metallic charge and 
thereby increase ingot tonnage. 
Under normal operations in a 
charge of 60,000 Ib., 4000 to 5000 Ib. 
of steel scrap can be melted by 
using 4000 to 6000 cu.ft. of oxygen. 
The blowing time is shortened about 
1 min. The blast used is 25,000 to 
35,000 cu.ft. per min. at 25-30 psi. 
More than 2900 oxygenated blows 
have been made in which about 6000 
additional tons of scrap have been 
melted using about 15 million cu.ft. 
of oxygen. The driox plant delivers 
about 600,000 cu.ft. of gaseous oxy- 
(Continued on p. 132) 
*Abstract of paper, “Oxygen a 
a Means of Increasing Bessemer Pro 
duction”, by W. G. McDonough, pre 
sented before the General Meeting of 
American Iron and Steel Institute, 
May 23-24, 1951. 








A Stainless Job That Points to Success 


When your talk gets around to Stain- 
less for your own future products, this 
Stainless job points the way to giving 
you extra advantages. It shows why it 
pays to consider Carpenter for Stainless 


that will do the unusual 


on ' , . 
Take a second look at this job, for 


example. Tolerances were close, and 


had to be ‘‘on the nose” every ume 


Finishes had to be perfect’, to imsure 


accurate operation. And like all other 


* 
. 
* . 


DON'T WAIT... 
COOPERATE! » 


for Your Future Products .. . 


precision jobs, the parts had to be 
produced with minimum rejects 


In today’s planning for the future, if 
you have the problem of recommending 
a Stainless that will give you something 
extfa in performance or in production, 
it’s a good idea to call Carpenter. Put 
Carpenter's experience with Stainless 
to work on your jobs 


Helping engineers get improved or 


unusual results with Stainless is our 
favorite job. From the time the first 
free-machining Stainless was invented 
in Carpenter's laboratories, we have 
been developing new Stainless Steel 
and improving old ones 
described in ‘“Work- 

ing Data for 


They ar 


Carpenter Stainless 
Steels’’. Let us know 
if you would like a 


personal copy 


The Carpenter Steel Company, 133 W. Bern St., Reading, Pa 


Export Department. Carpenter Stee! C 


( arpenter 


Reading, Pa. —“CARSTEELCK 


8 08Gq 
"% 


ae 


takes the problems out of production 
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sooner or later 
you will switch to 

MOLYBDENUM 
High Speed Steels 


It is inevitable, and fortu- 
nately, it is easy, so why not 
change now? This has been 
going on, on a merit basis, 
for years. 


Our booklet (below) gives you 
all the practical facts you need 
to make the switch. You can 
save money; you will help 
the national effort by con- 
serving tungsten for uses in 
which it is really needed. 
Above all, you will get a tool 
which is every bit as good as 
a tungsten type—many peo- 
ple think better! 


All the facts you need 
in this FREE BOOKLET 


Climax Molybdenum Company 


500 Fifth Avenue - New York City 


Please send your FREE BOOKLET 
** MOLYBDENUM HIGH SPEED STEELS "’ 
Name 

Position .... 

Company ... 


Address 
MP-9 
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Increasing Bessemer 
Production 


(Continued from p. 130) 
gen daily at a line pressure of 125 
psi. of which 200,000 cu.ft. is avail- 
able to the bessemer department. 

The first six oxygenated blows 
were charged with 10,000 lb. of 
scrap compared with 5000 Ib. used 
in the reference blows. Beginning 
30 to 60 sec. after the start of the 
blow, 1500 to 2000 cu.ft. of oxygen 
was introduced for approximately 
6 min. This resulted in 24.2% oxy- 
gen in the total blast consumed dur- 
ing the entire blow. All of the scrap 
melted, but the temperature was 
lower than in the reference blows. 

Varying the amount of oxygen 
with the same scrap charge indi- 
cated that some oxygen was being 
blown through without reacting. A 
standard practice was developed 
using 4 min. of oxygen at 1500 cu. 
ft. per min. starting 2 min. after 
start of blow. The scrap charge 
was 2000 Ib. less than double that 
used in the reference blow. After 
a few days the scrap charge was 
changed to an even 4000 lb. more 
than that used in the reference 
blow. The flame and pyrometer 
indicated nearly the same temper- 
ature for this practice as for the 
reference blows. Following further 
experimentation, the practice adopt- 
ed was to use oxygen for 4 min. at 
1000 cu.ft. per min. starting after 
the carbon flame. 

In decreasing the oxygen per 
blow from 15,000 cu.ft. down to 
1500 cu.ft., the additional scrap 
melted per thousand cubic feet of 
oxygen increased from 400 up to 
1000 Ib. Almost 1000 Ib. of addi- 
tional scrap can be melted per 1000 
cu.ft. of oxygen with an upper limit 
of 5000 Ib. additional scrap per blow. 
Using more than 4000 to 6000 cu.ft. 
of oxygen per blow wastes oxygen 
and impairs quality, yields, and cost. 

Use of 3000 Ib. of roll scale 
(which contains 825 lb. of oxygen) 
in a 60,000-lb. charge decreases the 
blowing time about as much as does 
12,000 cu.ft. of oxygen which 
weighs 1000 lb. The roll scale chills 
the metal so that the scrap charge 
must be decreased 1000 Ib. for each 
1000 Ib. of scale used. Most efficient 
use of gaseous oxygen is obtained 
with 1000 Ib. of steel scrap or 
equivalent steam as a coolant for 
each 1000 cu.ft. of oxygen to offset 
the excess temperature developed. 
These results suggest the use of roll 
scale (if available) where the chief 

(Continued on p. 134) 





(GORDON 

THERMOCOUPLE 
EXTENSION 
LEAD WIRE 


The precision quality of Gordon Thermo- 
couple Extension Lead Wire is the result 
of continued experience since 1915 in 
careful selection and inspection that meets 
rigid insulation requirements and Bureau 
of Standards specifications. 

Gordon's Chicago and Cleveland plants 
carry complete stocks of Thermocouple 
Extension Lead Wire for practically every 
application. (See illustrations below.) 
These are good reasons why your order 
gets immediate delivery of a QUALITY 
product. ORDER NOW! No delays. Prices 
available on request. 


CHROMEL-ALUMEL, Cat. No.! 
DUPLEX, each wire felted asbest 
overall 


FOR PLATINUM THERMOCOUPLE 
STRANDED-DUPLEX, eoch wire felted 
yarn braid overall 


CHROMEL-ALUMEL, Cot. No. 1254, 14 go 
PLEX, each wire enamel, felted usbest 
broid overall 


IRON-CONSTANTAN, Cot. No. 1236-C, 14 go., STRAND- 
ED-DUPLEX, eoch wire felted asbestos, Asbestos-yorn 
braid overall 


ee ae 


COPPER-CONSTANTAN, Cot. No. |2 A,l49 
DUPLEX, each wire cotton, rubber, weatherpr 
lead sheoth overall 





CLAUD S. GORDON CO. 


Manufacturers & Distributors 
Thermocouple Supplies + Industrial Furnaces & Ovems 
Pyrometers & Controls » Metallurgical Testing Machines 
Dept. 15 + 3000 South Wallace St., Chicago 16, Ill. 
Dept. 15 + 2035 Hamilton Ave Cleveland 14, Ohio 
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Using the properties of 


ANRCON 
AR COMIA 


to advantage 


The unique super refractory properties of Zircon and Zirconia 
have particular utility where resistance to extremely high 
temperatures or unusual fluxing conditions often make it desirable 
to use these materials, in minimum thickness, in combination 

with less expensive back-up material. 


Determination of the temperature ranges within which 
contact between these super-refractories and the back-up 
materials are practical, is of primary importance. 


REACTION OF ZIRCON 
WITH VARIOUS TYPES OF REFRACTORIES AT ELEVATED TEMPERATURES 








é Charted here 
is the reactivity 
in the temper- 
ature range 
from 2400°- 
3600°F 


Your request for more detailed information will receive 
the immediate attention of our New York Office. 


TAM 
PRODUCTS 


TAM is a registered trademark. 


TITANIUM ALLOY MFG. DIVISION 
NATIONAL LEAD COMPANY 


Executive and Sales Office: 11] BROADWAY, NEW YORK CITY - General Offices, Works, and Research Laboratories: NIAGARA FALLS, N. Y 
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| NEW McGRAW-HILL 
Sy 200k 


7 





““"MACHINABILITY AND 
MACHINING OF METAL 


1 Explains the metallurgy and machining 

characterist #% the various metals and 

ws how to select the proper 

ess it to gi ve the st efficient 

finished product. Discusses 

speeds, feeds, types of cut 

Tells where to use special 

practic " is. By Norman E. Woldman, 

Consulting Metallurgical Engin., and Rob- 

ert C. Gibbons, Metallurgical Engin., Ben- 

dix Aviation Corp., 578 pages, 198 illus., 
$7.50 








THE PHYSICS OF 
POWDER METALLURGY 


are the twenty-two 
mpo: >} 


metallurgy 
ot sinter- 





gy "Sponsored by 
che Maszituraloa! Labo- 
ratories, Sylvania _Elec- 
tric Products Inc. Edited 
by F. Kingston, 404 
pages, 150 illus., $8.50 








DIE Cases 
3 < ( 


astin 


n tage 1 

g compared t 

are analyzed—the « 
i 


~st lie-cast 
tsexplained. By H. i. Doehler, Chair- 
man of the Board, Doehler Jarvis Corp., 502 
pages, 281 illus., $8.00 








METALWORKING LUBRICANTS 


Discusses the many types of lubricants and 
fluids suitable in working and processing 
tals. Shows the nature 
talworking lubricz 
fluencing their selection, 
plant, and their 


nulation 


r ‘eo ~ m in the 

maintenance Tre all 
portant metalworking cad 
processing operation and 
includes information on ma 
chine lubricants. By E. L. 
H. Bastian, Staff Engin., 
Shell Oil Co., 357 pages, 
165 illus., $6.00 











« SEE THESE BOOKS 10 DAYS FREE «+ 


McGraw-Hill Book Co., Inc 
330 West 42nd St., NYC (18 
Send me book(s) checked below for 10 days 
‘ examinatio m approval In 10 days I wil 
keep, plu ew cents for 
and return unwanted book(s) post 
We pay for delivery if you remit wit! 
ipon—same return privilege 
1. Woldman & Gibbons 
MACHINABILITY, $7.50 
. Sylvania POWDER 
METALLURGY, $8.50 
3. Doehler DIE CASTING, 
$5.00 
" METALWORK- 
‘UBRIC ANTS, $6.00 
Print 
Name 
Address 
, City 
Compan 
| Position MET-9 
This offer applies to U.S. only. 
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Increasing Bessemer 
Production 


(Begins on p. 130) 
concern is blowing time with an 
ample supply of hot metal; and a 
gradual replacement of roll scale 
with oxygen as the hot metal supply 
decreases, thus achieving the high- 
est level of ingot production. 

No pronounced effects have been 
found on bottoms or linings when 
using oxygen in the standard amounts 
now specified. The hotter flame 
keeps skulls from forming on the 
nose and decreases physical damage 
from their removal. Emphasis is 
placed upon the judicious use of 
oxygen to increase production in 
acid bessemer converters. 

F. G. Norris 


Relief of Stress 
in Cast lron* 


HE EFFECTS of various anneal- 

ing times and temperatures on 
the relaxation of stress in gray cast 
iron (for piston rings) are reported. 
The iron conformed to British 
Standard Specification 4K6 for air- 
craft materials and components and 
had the following analysis: Total 
carbon 3.37%, silicon 1.58%, man- 
ganese 0.98%, sulphur 0.095%, and 
phosphorus 0.78% 

Radially split rings were sprung 
open to a nominal gap width and 
maintained this way during anneal- 
ing. The force necessary to main- 
tain the constant gap width was 
recorded. The author reports a drop 
in stress during heating up to 750° 
F., the initial stress (whether 18,000 
or 21,000 psi.) is reduced relatively 
little (about 15% at 750° F.) but be- 
yond this temperature the stress is 
considerably reduced (about 80% 
at 1110° F.). Continued heating at 
temperature affects continued re- 
duction in stress, although a limit to 
the reduction is reached eventually. 
At 750° F. this limit is approached 
at about 500 hr., at which point the 
initial stress is reduced about 45% 
at 1110° F. after 48 hr. (when the 
limit is approached) the reduction 
is about 92% The strength of the 
rings was lowered by any heat 
treatment, about 10° at 750° F. and 
15% at 1110° F., 

W. M. BaLpwin, Jr 

* Abstract of “The Relief by Heat- 
Treatment of Externally .c 
Stresses to Cast Lron”, by G. N. Gil- 
bert, Journal of Research and Devel- 
opment, British Cast Iron Research 


Association, Vol. 3, August 1950, p. 
499-506. 








A TRIED and PROVEN 
SOURCE FOR 


TESTING 
MACHINES | 


BRINELL 

DUCTILITY 
COMPRESSION 
TENSILE 

UNIVERSAL 
TRANSVERSE 
HYDROSTATIC 
PROVING INSTRUMENTS 


and 
Special Testing Machines built 
to your Specifications. 








Send for 





ih 
TestingMlachinetn 


8835 Livernois « 


Without obligation send me your brochure 
on testing instruments. Also special folders on 
following types (check your interest) 


Detroit 4, Mich. 


() Brinel! Herdness 

(_] Compression (_] Tensile 

() Transverse (_] Hydrostatic 
() Preving Instruments 


(_] Dvetility 


NAME 
TITLE 
Attach coupon to your letterhead 








and mail 











.. . And tops for use in a 
long list of machine parts 
and tools. 

Over 200 tube sizes from 


* HARDNESS 
.898" O.D. two 8.250" O.D. 
* LONG WEAR Bar sizes from .171" round 
o 7.5” round. Also Ring 


t 
* TENSILE STRENGTH Forgings. 
Write for a copy of our 
* MACHINABILITY 


latest stock list ay. 


PETERSON STEELS, INC. 


DEPT. M, 82 POINIER STREET, NEWARK 5, N. J. 
Telephone: Bigelow 3-2324 
DETROIT, MICH. . 


Tops for: 


CHICAGO, ILL. 














Control Temperatures More Closely 
REDUCE COST * SAVE TIME 


This CATALOG 
of 
IMPROVED 
PYROMETER 

SUPPLIES 
' 


shows you how! 


Get your FREE COPY 
TODAY! 


* THERMOCOUPLES 
* THERMOCOUPLE WIRE 
* INSULATORS 


* PROTECTION TUBES 
* LEAD WIRE 
* TERMINAL HEADS 


Please send free copy of Catalog No. 5. 


Name 
Company 
Street 


City 


ARKLAY S. RICHARDS CO., Inc 


NEWTON HIGHLANDS ¢ Mi 








a 


castings 
of 


withstand high 
temperatures ss cneht 


from Ohio Steel's long and varied experi- 
ence in producing heat-resistant castings. This 
background is reflected in the engi- 
neering and alloy analysis recom- 
mendations we make. Throughout 
the heat-treating industry you'll see 
FAHRITE castings giving economical, 
successful service in the most 
severe applications. 


THE OHO STEEL FOUNDRY C0 


SEPTEMBER 1951; PAGE 135 








J 


HARDNESS TESTER 


Better Engineered 
for Better 
“Rockwell” Testing 


Medel C-8 A 
$450.00 F.0.B. Detress 
Complete with dsamond penstrator 


For your ‘Rockwell’ test- 
ing, you want an instru- 
ment that gives you results 
of unquestioned accuracy. 
research have 
gone into making the CLARK 
Hardness Tester just such a 


Years of 


precision instrument. 

The CLARK gives you accu- 
rate results for every pro- 
duction requirement. It is 
durably built to give you 
years of dependable serv- 
ice. It is fast and simple 
to operate; easy to main- 
Compare the CLARK 
and see for yourself how 


tain, 


much more it has to offer. 








INSTRUMENT, INC. 


10200 Ford Road « Dearborn, Michigan 
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Structure of 
Electrolytically Separated 
Martensite* 


N STUDYING carbide particles that 

had been separated electrolyt- 
ically from quenched steels, solid 
particles of alpha martensite were 
sometimes observed. This observa- 
tion suggested the possibility of 
learning more about the processes 
of hardening and tempering steels 
by studying martensite that had 
been separated in this manner from 
the body of steel specimens. 

For this purpose, carbon steels 
containing 0.80, 0.98, 1.16, 1.38, and 
1.51% carbon were quenched from 
the austenite range. 
tions of 


Aqueous solu- 
hydrochloric acid or of 
potassium chloride and citric acid 
were used in electrolytically sepa- 
rating the martensite in these steels. 
X-ray diffraction patterns from the 
martensite residues so obtained 
made using radiation, 
and comparison patterns were also 
made for solid specimens of the 
0.98% carbon steel specimen. 
Results of the electrolytic sepa 
ration of the steels and the X-ray 
analysis of the 


were iron 


resulting residues 


showed that a necessary condition 


for electrolytic separation of mat 
tensite is the presence of some re 
tained austenite. The austenite has 
a higher solution potential than the 
martensite, and it is possible to 
cause the austenite to dissolve, thus 
freeing the martensite crystals. 

diffraction 
patterns from the residues and from 


Comparison of the 


the solid steel specimen showed that 
the essential difference 
them was the more diffuse diffrac 
tion lines in the pattern from the 
solid specimen. This difference was 
accounted for on the basis that 
martensite crystals in solid steel are 


between 


under elastic stress, and that these 


stresses are largely relieved when 


the martensite crystals are 
rated from the body of the steel. 
The lattice constants of the mar 


tensite 


sepa 


were, within experimental 


error, the same in the solid speci 


This fact 
was interpreted as showing that the 


men as in the residue. 
tetragonality of martensite is not 
stresses in the 
steel, but is a natural result of the 
mode of crystallization of the iron 


caused by elastic 


and carbon atoms. A G. Guy 

*Abstract of “Structure of Mar- 
tensite Separated Electrolytically from 
Quenched Steel”, by M. P. Arbuzov, 
Doklady Akademii Nauk SSSR, Vol 
74, 1950, p. 1085-1087. 








| A FURNACE FOR"EVERY PURPOSE“... 


or AN ALL-PURPOSE FURNACE ? 
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DELAWARE TOOL STEEL CORP. 


WILMINGTON 99, DELAWARE 


«..\~_I|"CARBON” To'HIGH SPEED’: RQ) 


DELAWARE IS THE ONE FURNACE 
FOR EVERY HEAT TREATING ———~ 
JOB... ON EVERY STEEL- | 


97 | 
| DELAWARE 




















ACCURATE TEMPERATURES 

1200 to 2800 
SIMPLIFIED CONTROLLED ATMOSPHERE 
NO SCALE -NO DECARBURIZATION’ 





SEND for informative Bulletin F-1. It gives 
you the straight facts about the DELAWARE 
CONTROLLED ATMOSPHERE FURNACE 





BULLETIN F-1. 





* * * STRAIGHT FACTS on Controlled 
Atmosphere are included in DELAWARE 
Send for your copy today. 


DELAWARE TOOL STEEL CORPORATION 
WILMINGTON 99, DELAWARE 




















$ THE QUALITY NAMES IN ALLOY D.< ‘ 
LO FOR HEAT CORROSION ABRASION sbg3 





| THE SUM OF 
PHILOSOPHY 


You Take 
from Life 

Only that 
which you can 
Perceive 
Assimilate and 
Appreciate 


You Return “$ 
Only that ' 5 : > : In this day of give and take .... 
which you ~%, ~s ‘ the General Alloys Company of 
may Contribute es a . ~~ = Boston, U.S.A., gives you the op- 
: “ q portunity to see their contributions 
to the art and science of the casting 
of metals at the National Metal 
Show, Booth A-336, in Detroit the 
week of October 15-19, 1951 


You can take with you the know!l- 
edge that wherever Heat and Cor- 
rosion Resistant Castings are used, 
GA has played an important part 
in their progress 

~ — 


te 
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Turbine Materials ferritic steels for blading and rotors which is relatively easy to accom- 

~ as opposed to the super-austenitic plish, does not, unfortunately, per- 

and Performance alloys, such as GI8B and Nimonic mit a large increase in turbine inlet 

80 A, currently in use. However, it temperature. Other types of cooling 

"Pere OBSTACLES to rapid advance is pointed out that in a complex (such as by use of hollow blades 
of large power gas turbines for gas turbine cycle which includes with inserts) are much more prom- 


4 


long life are: (a) cost of materials more than one stage of compression ising but involve high manufac- 
and manufacture and (b/) uncer- with intercooling and regeneration, turing expense and operating 
tainties as to dependability over ex- higher turbine inlet temperatures uncertainties. Thus “sweat cooling” 
tended periods of time (100,000-hr. cannot always be justified on the by use of pores distributed over 
design goal). Several ingenious basis of better over-all performance. the blade surface to provide a heat 
charts are provided by the authors rhe advantages of cooling the protecting layer of cooling air, 
which relate inlet operating tem- rotating blades are clearly shown channeled from within, would fail 
peratures with performance and in another chart. The authors dem- if the pores became clogged with 
show the penalties involved in using onstrate that blade root cooling, impurities. 

The statement is made that most 
large gas turbines are currently 
being manufactured with welded 








rotors, but there are many uncer- 
(5 ALILEO LINTV FRSAL The complete unit for tainties in this method of construc- 
iF a7! every Purpose microscopy tion. Accordingly, there is a real 
need for large, dependable, one- 
piece rotor forgings made with in- 
tegral stub ends and flanges. 

The blades are shown to be a 
high proportion of the cost of large 
gas turbines. The authors believe 
that the designers must accommo- 
date their aerodynamic  require- 
ments to the use of simpler blade 
shapes and the metallurgists should 
try to provide a material which can 
be used in the as-rolled or as-forged 
condition. This may obviate the 
necessity for costly machining and 
grinding as finishing processes, 
which are now employed to elimi- 
nate intergranular fissures that may 
be produced in heat treating. 

However, material problems are 
by no means confined to the rotat- 
ing elements. There is no satisfac- 
tory material as yet for heat 
exchanger tubes where heat and 
corrosion resistance tend to work 
at cross purposes. Thus, aluminum- 
bronze is attractive corrosion-wise 
but lacks adequate creep strength 
above about 900° F, The first cost is 
also a serious consideration, be- 
cause many miles of thin-walled 
tubing may be incorporated in a 
given heat exchanger. 

It is reported that a 500-hp. 
experimental gas turbine has run 
for more than 3000 hr... using either 
heavy oil or diesel oil for fuel. Op- 
erating temperatures have rarely 
exceeded 1100° F. and blade corro- 
sion has not yet been a problem, 





The most pomgtose equipment ever designed for Microscopical research or routine work although fouling has occurred with 
Ed I the use of heavy oil and the ash 
can be made to run with continuity from 4 X to over 3000 X. analyses run from about 35.0 to 
FOR METALLOGRAPHIC, CHEMICAL AND PETROGRAPHIC RESEARCH 

Transmitted and Reflected light! Bright field! Dark field! Phase Contrast! Polarization! a ae 
Write for information on the complete unit or for any specific purpose C. T. Evans, Jn. 
Imported and serviced by 


62.0% vanadium as V,O,. 


CHICAGO AREA * Abstract of “Materials and Per- 
m Company, Inc. MeteRurgien instrument Company formance”, by A. T. Bowden and W 
‘est 


o 
352 Fourth Avenue th Street niszé Sy s rh-Tem- 
= ow Chtenge 32. Steals Hryniszak, Symposium on High-Tem 


perature Steels and Alloys for Gas 
Galileo instruments have had world acceptance since 1881 


Turbines, Iron and Steel Institute, 
February 1951, p. 11-17. 
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nd the 


problem of 


for your produet 


The problem of metal supply is in reality a dual 
problem. First is the question of raw material supply 
and second, the supply of fabricated forms. To each 


of these, magnesium offers an interesting answer 


As the increased demands of industry call for more 
and more metal from Mother Earth, ore reserves 
become ever more important. Magnesium metal, now 
extracted from the sea, is the one metal with literally 


an inexhaustible supply. Consider this fact 


sium were extracted from the sea at the rate of 100 
year the current rate of iron and steel 
1000. 000 years, we would haan reduced 


from 013% to 012% 


And those seas are at our very shores, eliminating 


kor Your Product . . 


the costs and hazards of transportation. Here is a 


potential of interest to every metal user 


At the other end of the supply problem is the 
question of fabricated forms. Currently, Dow is con- 
structing an 84” hot and cold sheet and strip mill 
the first in this country for magnesium. When com- 
pleted, this mill at Madison, Illinois, will increase 
Dow’s capacity for sheet, plate and strip by many 
times with provision for even further expansion 
This new Dow mill will also have facilities for 


extrusion, increasing present capacity appreciably 


Metal supply? Keep your eye on magnesium the 
world's lightest structural metal ottering you the 


potential of infinite supply 


Tomorrow! 


combination of light weight and high strength makes it 


invaluable to our defense effort Drafted” today, it still 


q 


consideration in planning for your tomorrow's product. Wherever a 


deserves every 


product 


be moved or lifted, magnesium is a must. 759% lighter than iron 


30% lighter than aluminum, magnesium is the world’s lightest structural metal 
THE DOW CHEMICAL COMPANY 


Magnesium Department ¢ Midland, Michigan 


New York « Boston « Philadelphia « Washington « Atlanta « Cleveland « Detroit « Chicago « St. Lou! 


Houston « San Francisco « Los Angeles « Seattle « Dow Chemical of Canada. Limited Toronto Canada 
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it Will Pay to Make Your Own Tests with 


Columbia NATIONAL FORGE 


HEADER DIE 
STEEL - 


Nothing one 
clean, uniform = , 
ening carbon too 
header dies. 

a Extra mentee 
is m: to mee 
s made ped ye 


sound, 
r hard- 
teel for 


Model TM U-A—Height 44 
width 64"; weight 1200 ibs 
The National Forge Universal streamlined unit to production, 
Testing Machine, Mod MU, research or school instruction 
is compact, accurate, depend- tests of a great variety of ma- 
able, easy to operate and moder- terials onl specimen sizes 
ately-priced. A.S.T.M. accuracy requirements 
Wide working clearances, long are guaranteed 
stroke, quick-action simplified Three load scale ranges: Model 
variable-speed control, improved TMU-A—®0-30,000, 0- 6000, 0-600 
strips and a wide spread of load Ibs. Model TMU -B—4@- 15,000, 
seale ranges adapt this modern, 60-3000, 0-300 Ibs. 


Prompt deliveries of few units remaining in stock 
For details, write for Brochure 501. 
TESTING MACHINE DIVISION 
NATIONAL FORGE & ORDNANCE CO. 


Dept. MP IRVINE, WARREN COUNTY, PENNA. 








WORLD’S LARGEST MANUFACTURER AND DISTRIBUTOR OF 


RAPID CARBON ANALYZERS 


for STEEL © CASTIRON © PIGIRON © COAL © COKE © O1L © CRACKING CATALYST 


wie t 


ee ie 
' 
= { Semi-Automatic | Pi 
‘ | | Model No. 4000 
bad 
4 


‘ 
i 
Ne. 4500 Conductometric 


Model No | 


4 


j Precision Model 
Ay) 

& / 
bs i] 

> hs 
| Standard Model 
j No. 6000-H 





4 2) 


/ 
} 


‘ 


SEND FOR LITERATURE 


LABORATORY EQUIPMENT CORPORATION 


St. Joseph, Michigan 
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Because Industry recognizes the “high cost 
of ignorance” in design and construction, the 
Pittsburgh Testing Laboratory has built its 
fact-finding activities into one of the largest 
independent testing organizations in the 
country. 

From its five-story headquarters in Pitts- 
burgh, P.T.L. operates a chain of 23 industrial 
laboratories serving practically every impor- 
tant industrial center, and covering almost 
every field of testing and inspection. 

Equipment includes scientific apparatus of 
the most modern types—with Baldwin testing 
equipment very well represented. Baldwin- 
Tate-Emery Universal testing machines of 
large capacity are installed in 13 branches. 
SR-4® gages and devices are extensively used, 
as are miscellaneous Baldwin accessories. 

Whether you are setting up a small routine 
testing laboratory, or a full scale facility, 
you'll find a complete answer to your equip- 
ment needs in Baldwin's complete line. Write 
us your interest—we'll send literature. 


Eddystone Division 


Sas 
“p> Baldwin-Lima-Hamilton Corp. 


Philadelphia 42, Pa. 
i = me y 


GENERAL OFFICES 


PHILADELPHIA 42 


Qa 


This Nation-wide Testing Organization 
te facta with 
ALDWI 


TESTING 
EQUIPMENT 


These six B-T-E Universal Testing Machines 


ore part of a single order built for Pittsburgh 


Testing Laboratory. 


Cc 


HEADQUARTERS 


BALDWIN - -LIMA -HAMILTON 


OFFICES IN PRINCIPAL 
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A 300,000 Ib. B-T-E 
Universal Machine and 
Baldwin SR-4® strain 
goges team up for ao 
traveling block and hook 
assembly test in Dallas. 


Testing a four-way strain 
bond used for lumber on 
o@ 300,000 Ib. B-T-E Mo 
chine in the PTL. San 
Francisco Branch. 


Determining modulus of 
elasticity of concrete ona 
300,000 Ib. B-T-E Mo- 
chine in the Buffalo 
Branch. 


Here a 300,000 Ib. B-T-E 
Machine in the Houston, 
Texas, Branch is testing 
@ snatch block. 


Ciries 
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“MULTI-INSULATION” 
fabulously fast is the secret of... 
metal separation by 


HUPPERT 
Floor Model 


FURNACE 


The sturdy, production-type 
Huppert Furnace not only attains 
highest-level efficiency, but cuts 
operating costs to a minimum 
through unique Huppert method 
of multi-insulation surrounding 
all sides of the work chamber. 
This furnace provides a versatile 
heat range — continuous up to 
1850 °F ., intermittent to 1950 °F. 
Also built for 2300 °F. for spe- 
cial applications. 


DYNA-CATH mercury cathode 


New design makes mercury cathode a : é 
stalk adeinieatad LD Suk d Automatic Temperature Control 
practical analytical tool. yna-Uat oes " 3 featured. Also tight-seating, 
wedge-type door and conven- 
metals. Particularly valuable in deter- ient shelf. 
mination of aluminum in steel and zinc . 220 V. AC, single or 3-phase 
base alloys, other separations. Ask for operation (110 V. or 440 V 
Bulletin 220-F for details. models to order). 





a fast, complete job in separation of 


This model built in 
20 different sizes. 


SCIENTIFIC Model No. 16 illustrated, 12° « 8 x 
INSTRUMENTS 18” — $925.00 complete 
£-OPPOROTUS 

Qedacl catrmi K. H. HUPPERT COMPANY 


a = 6844 COTTAGE GROVE AVENUE CHICAGO 37, ILLINOIS 











4 Manufacturers of Electric Furnaces & Ovens > 








WE'VE MADE MORE THAN A MILLION 


4 Wire Rope Sockets » | 


without ONE Service Failure! 


42 years ago, after receiving a large order for wire 
rope sockets, we cast a sample 44” carbon steel 
socket weighing the same as the customary forged 
steel ones. 

On a pull test, the forging failed at 51,330 Ibs.— 
our casting stood 61,420 Ibs. 

Subsequently we cast these sockets of 
EVANSTEEL, our chrome-nickel-molybdenum 
alloy, which gives them a safety factor of nine to 
one. Our wire rope sockets are standard equip- 
ment with many large users, including divisions 
of the Federal Government, such as the U. S. 
Army Engineers, Maritime Commission, U. S. 
Navy, and many shipyards. 

EVANSTEEL is usually specified for parts de- 
manding maximum resistance to wear, shock, 
abrasion, and breakage. 





Write for Rope Socket Bulletin 
cLosep CHICAGO STEEL oren 
socxners FOUNDRY COMPANY ss sceitrs 


37th St. & Kedzie Ave. 
Chicago 32, Illinois 
Makers of Alloy Steels 


for Over 40 Years 
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Ons, 
’ Cg’ 


* Clos. 
Stee, 1035 oy 


Kes the Kinks 


Take: 


use ° t co 

pec? : ondit our © atrol, we may 
ot uireme 

and pe able to supP ou t ane Sos 

4 

pot DE Say cubin ae be abl fo pwn. 
, om Vv out seri OO may able co fill your 
o 


sefers© 
yorns 


y: 2008 Germantown Ave 


Tube ~pmpany: $710 Smithway 
jNderbill 0-133! 


All onolysot 010" te %" 0.0. 
Certoin (o3s" =o 
Up to mm” 0.0. 
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This Special Pittsburgh Brush* 


KEO-HOT 


%* An actual case history from the U. 
and Foundry Company, Birmingham, 


S. Pipe 


Alabama 


PITTSBURGH brush provides the answer for 

U. S. Pipe and Foundry’s problem of cleaning 
red-hot castings. This rugged brush works 40 hours 
a week, turning out thoroughly cleaned castings at 
the rate of one every 30 seconds. . . a speed record 
for any brush cleaning operation of this type 


LET PITTSBURGH ENGINEERS 
SOLVE YOUR BRUSH PROBLEMS 
Pittsburgh’s complete line of brushes [- rz 

for every purpose, will i 1 
provide a practical, 


of every type, 
economical solu 
tion of any brush problem you might 
have. Drop us a line on your company 
letterhead for a copy of our new booklet that shows, 
through actual case histories, how Pittsburgh can 
help cut your brushing operation costs. Address: 
PittspurcH Piate Grass Company, Brush Div., 
Dept. W7, 3221 Frederick Ave., Baltimore 29, Md. 


PITTSBURGH 
per 


GLASS ad 


PITTSBURGH PLATE GLASS COMPANY 


PLASTICS 
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MERRILL 


MATERIALS HANDLING 


DEVICES 
L TWIN LIFTER | 


TWIN LIFTER 


q 








LIFTING CLAMP 








DRUM TILTER 
4 sizes = 


DRAG CLAMP Za 


MERRILL BROTHERS 


56-31 ARNOLD AVE., MASPETH .N. Y. 























Accurate Temperature Reading 
Cuts Costs — Reduces Waste! 


7 tH NEW PYRO tier 








THE Cost 
Surface Pyrometer 


Here’s good news for plants and labora- 
tories who've told us they wanted a low- 
cost, rugged instrument that will give 
accurate surface and sub-surface tempera- 
ture readings under all operating condi- 
tions. The NEW PYRO Surface Pyrom- 
eter is quick-acting and fool-proof 

no special experience needed to operate it. 
Big 4” dial. Catalog No. 180 gives full 
particulars 








° 
THE NEW PYRO 
RADIATION PYROMETER 


Tells spot temperature 
instantly — in heat- 
treating furnaces, kilns, 
forgings and fire boxes 
No thermocouples, 
lead wires or accessories needed! Tempera 
ture is indicated on direct-reading dial at a 
press of the button. Any operator can use it 
In two double-ranges for all plant and labora 
tory needs. Write for FREE Catalog No. 100 
Just sight it 
and press the button 


The Pyrometer Instrument Company 
New Plant and Laboratory BERGENFIELD 8, NEW JERSEY 


& eer ~ 5 -~ of 4 ~ Optical, Radiation, Immersion es 
nd Surtace Pyrometers for over 25 years 








IPSEN FURNACE £(a2 Z/CCVLONLK conTROL 


saves production time 
and reduces handling of 


ROCKFORD CLUTCH PARTS 


Dual control panels (one for each hearth 
keep the furnace under rigid control 


Ay THE Rockford Clutch Division of Borg- 
Warner, where nothing is permitted to interfere 
with quality, consistently high production is 
maintained through the teamwork of an Ipsen 
Furnace and Quenching Unit with two chamber 
hearths and ElectroniK Strip Chart Controllers. 


The furnace is used for carburizing truck and 
tractor clutch parts, which are automatically 
transferred from the carburizing to the quench- 
ing chamber. Equipped with ElectroniK control, 
the unit effects substantial savings in the han- 
dling of continuous production runs and assures 
bright, scale-free work. 


Only three operations are required in this modern 
installation: (1) loading of work hauling baskets; 
2) pressing a starter button; (3) unloading. The 
run for each batch of work pieces is a precise 
duplication of previous runs 


ElectroniK Controllers are providing the same 
accuracy and precision throughout industry. For 
a discussion of your utilization of ElectroniK 
control, call in our local engineering representative 
... he is as near as your phone 
MINNEAPOLIS-HONEYWELL REGULATOR Co., 
Industrial Division, 4503 Wayne Ave., Phila 
delphia 44, Pa 


Honeywell 
“Brown, Qustiumects- 
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Ahr hl dh 
f Production Methods 


at Help You Gain 


fan Months of Time : 


Costs are much lower, too 
Whenever emphasis is on speed in delivery, or lower costs, 
consider Spincraft metal fabricating. Of all the methods 
available for cold shaping flat or rolled sheet metals, the 
spinning lathe, plus special Spincraft forming skills, offers 
the fastest and least expensive means of getting production 
rolling. As an example, consider the parts and assembly for 
the water sterilizer unit illustrated here. From a scratch start 
Spincraft made the required tools, produced the components 
and assembly and began delivery ten days after receipt of 
the order. Months of time were gained, thousands of 

dollars saved. 

Cases like this are everyday experiences at Spincraft — 
on both small and large runs. The answer you 
want cannot be guaranteed, but others have 
been helped so often and so well that Spin- 
craft has become the world’s largest 
metal spinning and fabricating 

plant. Call or write 


Components for stain- 
less steel water steril- 
izer—spun, fabricoted 
and assembied in rec- 
ord time at lowest 
cost. 


The f i scope, hanics and ics of 
Spincraft metal spinning and fabricating are dis- 
cussed in this stimulating 40-pege, well-ilivs- 
trated booklet. A copy is yours for the asking. 





4137 W. STATE ST. 
MILWAUKEE 8, WIS. 


Heretofore known as 
Milwavkee Metal Spinning Co. 
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HIGH-PRODUCTION HEAT TREATING 


Hardening +« Carburizing * Nitriding 


t ECLIPSE 


“GAS-FIRED — 


am” 


salt pot furnace 


with "ROLL AROUND” head 


Equipped with "PW" Piloted 
Woll-Tite Burner 


Whether you employ lead, cyanide or other 
salt bath processes, you can heat-treat small 
parts faster, under better control, and at lower 
cost, in Eclipse Pot Furnaces. Model illustrated 
has: 1. Roll-Around Hood for fume disposal 
and all-around accessibility. 2. Type “PW” 
Wall-Tite Burner that can be equipped with 
instantaneous, flame-failure protection and 
constant pilot, with single valve control 
(proportioning). 


Eclipse Pot Furnaces are available in wide 
range of sizes for either high or low-pressure 
gas. Write for Descriptive Bulletins. 


Representatives in all Principal Cities 
‘ 


C3 Eclipse Fuel Engineering Company Fata 





727 South Main Street, Rockford, Illinois 
THE MOST COMPLETE LINE OF GAS-FIRED INDUSTRIAL EQUIPMENT 








peed 


The Fisher Induction Carbon apparatus is the modern self-contained 
unit for determining carbon in metals quickly and accurately. When 
used with the Gram-otic Balance, carbons may be determined every 
2/2 minutes! 

A press of the button starts o cycle which includes the automatic 


regulation of the flow of gas, the preheating and complete burning of 
the sample, and automatic shut-off. 


Interested in cooler laboratory, lower power consumption, greater 
precision and accuracy, faster results—automatically? 


Write for details on the Fisher induction Carbon apparatus! 


rT 
FISHER SCIENTIFIC commees 
717 Forbes St., Pittsburgh 19, Pa 


: bout the 
d me com plete information a 
Please sen ¢ h 
vc arbon @ poratus 
Fisher Induction Cc Pp 


NAME 
Fill In Attached Coupon and MAIL IT TODAY! — 
a ADDRESS 
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Era alpaly. | i 


Pyrometer Supplies Buyers’ ” 
Guide No. 100-4 


Correct Furnace Belt selection assures longer life, 
greater efficiency Ashworth engineers have the 
ability to recommend the right type of belt for serv- 


ice of a cyclic nature, from room temperature to 
2050° Fahrenheit 


Saal Metal Belts 


for the handling 


of all materials 


wart ror) ASHWORTH BROS.., INC. 
CATALOG 47P WETAL PRODUCTS DIV. e WORCESTER, MASS. 


: :. Buffalo « Chattanooga * Chicago * Cleveland + Detroit 
Sales Engineers located m Los Angeles * New York * Philadelphia * Pittsburgh * Seattle 


Canadian Rep., PECKOVER’S LTD. . Toronto Montreal . Halifax . Winnipeg - Vancouver 





IT’S NEW! 
IT’S COMPLETE! 
IT’S YOURS FOR THE ASKING! 





Henre’s the brand new edition of the Brown 
Pyrometer Supplies Buyers’ Guide . . . just off the 
press and designed to be even more helpful in your 
selection and ordering. 


Included are standard and special thermocouple 
assemblies, elements and components . . . protect- 
ing tubes and covers . . . thermocouple and exten- 
sion wire . . . valuable technical data and basic 
prices...and a host of other important information. 


This buyers’ guide is but part of the complete 
service available to you through your local 
Honeywell Supplies Man . . . with his HSM Plan 


for greater convenience and economy in all of your CARL-MAYER HIGI! TEMPERATURE FUR- 
pyrometer supplies purchasing. Call him in for a NACE, recirculating air heater type, for tem- 
discussion of your needs . . . he is as near as your — ns . ete ie as installed _ 
». Write for your copy of this new | rs’ ee eee c Company. @ We a 
ane os OF Your Copy GF wis Rew ouyer build Conveyor and Batch Type Furnaces up 
guide today: to 2000°F., for heat treating, normalizing, draw- 
. care —— . ing, ete., using gas, oil and other fuels. @ Our 
» - NE SLL SGUL. ( : - ; 
MINNEAPOLIS HONEYWEI L RE ULATOR Co dn many outs!anding achievements make it well 
dustrial Division, 4503 Wayne Ave., Phila. 44, Pa. i worth yous while to consult Carl-Mayer Engi- 
neers on your next installation. 


7 











Honeywell : 


3030 E e 
B Quathiumeatt- 0 Euclid Avenue, CLEVELAND, OHIO. 
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MISCO <ccis!°” CASTINGS 


STAINLESS STE 


CAST TO MICROMETER 


Misco Precision Castings make possible quantity 
production of pieces such as this which would 
be costly to attain by usual machining methods. 


Types of parts which can be processed 
at a saving by the Misco Precision 
Casting Process cover a wide range. 
The Misco Precision Cast stainless steel 
aircraft part shown weighs 7.06 ounces 
as cast. Produced to the most rigid 
aircraft material specifications this 
piece was formerly machined from bar 
stock weighing three pounds. Here is a 
saving of 84% in weight of scarce 
metal alone and a more ccnsiderable 
economy in machining time. Castings 
of intricate design, close tolerances, 


with radiographic and metallurgical 


TOLERANCES 


Part: 


AIRCRAFT CARBURETOR 


METERING VALVE 


Alloy: Misco 18-8 
(A.M.S 5640) 
Weight: 7.06 oz. 


control, are obtainable from Misco in 
alloys ranging from carbon steels and 
stainless steels to non-forgeable super- 
alloys for use in high temperature jet 
aircraft applications. Misco, a pioneer 
producer, offers extensive technical 
experience in design, production and 
application of small precision cast 


alloy steel parts. 


PRECISION CASTING DIVISION 
Michigan Steel Casting Company 


0 One of the World's Pioneer Producers and Distributors of Heat ond Corrosion Resisting Alloys 











1998 GUOIN STREET - DETROIT 7, MICHIGAN 
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HERE’S HOW YOU CAN FIND 
THE IDEAL LOW-COST 
SOLUTION 


What’s your problem? Toxicity? Inflammabil- 
ity? Dry Time? Cost? Here’s how to solve that 
problem pronto. Just call on your nearest 
Sotvents & CHemicats Group Memser. Let 
them analyze your problem and recommend 
the best possible solution. 


We make this offer to acquaint you with your 
nearby member of the Sotvents & CHEMICALS 
Group. Each member stocks all types of de- 
greasing solvents. That means you'll have the 
solvent recommended that best meets your 
needs, whether it be in vapor-degreasing or 
cold-wash method. Plan to take advantage of 
this service soon. Just call or write your near- 
by member and arrange an appointment at 
your convenience. Why not do it now? 
a 
FREE...Valvable handbook on organic solvents 
is yours on request. It explains the properties 
» and applications of key organic solvents in 
jon-tech | language. It's yours by simply 


- calling or writing your nearby member of the 
Se | SOLVENTS & CHEMICALS GRrouP. 


\\—__ - 
THE SOLVENTS & CHEMICALS GROUP © : 
_ oom 





ASSOCIATED FOR BETTER SERVICE TD INDUSTRY - 
OFFICES AND PLANTS IN 


BUFFALO—BUFFALO SOLVENTS, Box 73, Station B 
CHICAGO—CENTRAL SOLVENTS, 2545 Congress St 
CINCINNATI—AMSCO SOLVENTS, 4619 Reading Road 
CLEVELAND—OHIO SOLVENTS, 3470 W. 140th St 
DETROIT—WESTERN SOLVENTS, 6472 Selkirk Ave 

FORT WAYNE—HOOSIER SOLVENTS, Maumee & Bueter Rd 


GRAND RAPIDS—WOLVERINE SOLVENTS 
1500 Century Ave. S.W Gr. Rap. 5-9111 


HOUSTON—TEXAS SOLVENTS, 8501 Morket St 
INDIANAPOLIS—HOOSIER SOLVENTS, 1650 Luett St 
MILWAUKEE—WISCONSIN SOLVENTS, 1719 S. 83rd St GReenfield 6.2630 
NEW ORLEANS—SOUTHERN SOLVENTS, 1352 Jefferson Hwy Temple 4666 
ST. LOUIS—MISSOUR! SOLVENTS, 419 DeSoto St 
TOLEDO—WESTERN SOLVENTS, Central & Reynolds Rd 


BEdford 1572 
SEeley 3-0505 
MElrose 1910 
Clearwater 1-3770 
WaAlnut 1-6350 
ANthony 0213 


Woodcrest 9681 
ATlontic 1361 


GArfield 3495 
Jordon 0761 
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The 


AGF 
Regular 
Melter 
Model 

No. 3 


Used by industrial laboratories, experimental departments, 
manvfacturing jewelers and mints, this melter is especially 
suited and widely used for precious metals. 


Determination of the Fusibility of Coal Ash is an additional 
function of this unit when specially adapted. 


“A product of the PIONEER makers of gas equipment”. 


Write for Bulletins Nos. 502 and 503. 


° 
al 
w 


JAmericAN Gas Furnace Co 


t ° 
Y 


Wack” 














O|UMBIA 


MOTOR GENERATORS 


for 
Electroplating 
Anodizing 
Electrocleaning 
Electropolishing 


@ TANK 
RHEOSTATS 


@ REVERSING 
SWITCHES 


@ TONG TEST 
AMMETERS 


Write for Descriptive Bulletins 


COLUMBIA ELECTRIC MFG. CO. 
4531 Hamilton Ave. . Cleveland 14, Ohio 








32 
* e« e serving you since 


including the years of the Emergency, too 


During the Last Emergency, we were vendors 
end consultants to many of the largest prime 
contractors producing material for the Army 
and Navy. ... Our products were concerned 
with aircraft frames, aircraft motors, guns and 
gun parts, bombs and bomb parts, small arms, 
ammunition, brass and steel shell cases, auto- 
motive and tank parts, radio and radar equip- 
ment, electrical equipment, Diesels, machine 
tools, screw machine products, wartime appli- 


ances and caskets. 


Our products were used for cleaning and draw- 
ing of aluminum, magnesium, brass, copper, 
steel and zinc prior to plating, bonderizing, 
anodizing, zinc chromating, painting, spot weld- 
ing, heat treating, blackening, vitreous enamel- 


ing and stripping. . . . The Northwest and Alka- 





lume trade-mark was a familiar sight in hun- 


dreds of plants throughout the country. 


Today, as the country is tooling for many of 
these same products, we are just as ready to 
serve—NORTHWEST has kept pace and has 
anticipated industry's every need in our field. 
. » » Our production facilities have more than 
doubled in the last five years and so has our 


technical staff... . 


Our business has grown spectacularly during 
the present era because it has made sense to a 
lot of you to have the same company supply 
the correct lubricant for drawing metal and 
provide the product or process for its removal 
afterward. . . . Let our technicians consult with 
you on your drawing and cleaning problems. You'll 
find it pays. 








0 Oooo oooo 00000 
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The 
new 


eitz 
Metallurgical 
icroscope 


Completely equipped with 
facilities for photomicrography. 


For information, see your Leitz 


franchised dealer, or write to Dept. MP 106 


E. LEITZ, Inc., 304 Hudson Street, New York 13, N. Y. 
tEITZ MICROS OPE . 1ENTIFI INSTRUMENTS 


BIN -ULARS ¢ LEICA MERAS ACCESSORIES 
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BUZZER Gad BURNERS 
Jor Many Industrial Gas Uses 


NO BLOWER or POWER NECESSARY 
++. just connect to gas supply 


— 


Pipe Burners 


Ring Burners 


Designed to solve numerous Industrial Gas ap- 
plications, “BUZZER” Burners are unexcelled for 
Efficiency, Economy, Simplicity and Flexibility. 
Large variety of models available. 


Send for the “BUZZER" Catalog showing complete line of 
industriel Ges Burners, Furnaces and other equipment. 





CHARLES A. HONES, rnc. 


123 So. Grand Ave. Baldwin, L.I., N.Y 











KING PORTABLE 
BRINELL 


HARDNESS TESTER 


Eliminates excessive material 
handling costs in routine and 
special Brinell hardness test- 
ing. The King Portable 
Brinell can be carried to the 
work, used in any position, 
and always puts an actual 
load of 3000 kg. on the 10- 
mm. ball indenter. 


This 27-lb. portable tester 
has a 4-in. deep throat and 
a gap 10 in. high. For larger 
pieces, the test head is easily 
removable for testing sections 
beyond the capacity of the 


10” high. 
standard base. 


Throat—4" deep. Gap 


Weight — 26 lbs 


Simple to operate, the tester is impossible to overload, 
and even with inexperienced operators will provide con 
sistent accurate results well within the requirements of 
the Bureau of Standards. 


ANDREW 
KING 


NARBERTH, PENNA. 
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Wherever and whenever 45,000 metal industry people 
expose themselves to the newest and the finest in their field 
. . when they meet at one Big show to see what's new in 
fabricating, processing or producing ... to attend the 
informative technical sessions of the four great national 
metal engineering societies . . . that’s BIG business. 

If your products are beamed at this field . . . if what 
you make has anything to do with what other folks make 
of metal .. . this IS your business . . . for the National 
Metal Exposition this year will start more sales and close 
more orders than ever before! 

Get your share of this Big business . . . make sure of your 
exhibit space now. Write, wire or phone... 


NATIONAL METAL EXPOSITION 
©/5 American Society for Metals 
7301 Euclid Ave., Cleveland 3, Ohio 
Telephone—UTah 1-0200 


OCT. 15-19+ DETROIT, MICHIGAN 
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ENGINEER 
Wanted 











of heat treating furnaces. 


trial instruments to heat treating operations. 


A Philadelphia manufacturing concern has a position avail- 
able for an engineering graduate with a minimum of $5 years 
experience in heat treatment of metals; design and operation 


Position involves applying indus- 


Applicants 


should have an interest in instrumentation and elect/onics. 


Reply stating education, experience and personal data to 


Address P-77 P.O. Box 3414 


Philadelphia 22, Pa. 

















Heavy castings and weldments are heat-treated economically 
in EF furnaces. Gantry cranes simplify loading, unloading and 
@ For the utmost in dependable, efficient, low cost queachiag. Engineered to your particular sequisoment 
service, specify an EF furnace. Built in roller hearth, 
roller rail, chain belt, car type, wire belt and many 
other designs. Complete with special atmosphere 
generators and material handling facilities. Gas 
fired, oil fired, or electrically heated for any heating 
or heat-treating operation—any process—any prod- 
uct—and any capacity requirement. Let the EF 
engineers, with their long and successful experience 
in engineering and building furnaces, work with 
you on your next heat treating job. 


THE ELECTRIC FURNACE CO. 
Wilson Street, Salem, Ohio saat aan eae ee Agena 


Gas Fired—Oil Fired and Electric Furnaces treated without scale or decarburization—uniformly and eco- 
nomically—in EF chain belt furnaces. Any capacity 


Continuous annealing of steel strip shortens the heating Ferrous and non-ferrous wire on reels, spools, coils and 
cycle and improves the drawing qualities. Single or multiple strands is bright annealed uniformly and continuously in EF 
strands to 54° or wider. 28,000 Ibs. per hour or more. special atmosphere furnaces. Any desired capacity. 


Furnace brazing of ferrous and non-ferrous assemblies cuts Bars and billets are scale-free heated for rolling, drawing or 
material, labor and finishing costs; usually eliminates costly other processing in EF pusher, rotary and other types of special 
dies and insures a stronger, longer lasting, less costly assembly atmosphere furnaces. Any capacity, atmosphere or temperature 





ARISTOLOY 
ELECTRIC SI EELS. 


FURNACE 
STEELS 


ba pe 


STANDARD STRUCTURAL ALLOY - BEARING QUALITY - 
ALLOY TOOL + SPECIALTY - NITRALLOY - CARBON 
TOOL - MAGNAFLUX-AIRCRAFT QUALITY 


Hot Rolled e Forged ° Annealed * HeatTreafed + Normalized 


Straightened « Cold Drawn « Machine Turned «+ Centerless Ground 


COPPERWELD STEEL COMPANY 
WARREN, OHIO scRAP 
117 Liberty Street 1578 Union Commerce — ilding 528 Fisher Building 
New York, New York Cleveland, Ohi Detroit, Michigan 
176W. Adams Street 7251 Gen ~ Moto hg ilding 3104 Smith Tower | 1s VITAL \ 


Chicago, Illinois Detrot , Mi chi iga Seattle, Washington 


P. O. Box 1633 403 W. Eighth Sire ee Monadnock Building 
Tulsa, Okichoma los Angeles 14, Califo Sen Francisco 5, Californie 
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Houston 3, ene 





